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FOREWORD 

. ■ j 

' • . J . . . _ . _ , . _ . . 

V ln.l772.> John Whitehurst _develog>ed the first known macrhitie 

•to utilize. the water hammer effect to pump tvater . _ Whitehurst ' s 
■ devicfe included a wa_te^_ supply tahk^ a 1^5 ihch^ 600.%fobt 
long drive pipe^ a cUcck valve^ ah accumulator and a delivery 
pipe. He used a _hand-^bperaJied_ impulse valve^ employing child 
labor to open arid close thev valve iri cdhtiriudus cycles. 

Iri 1776/ Joseph Michael _de Mbritgblfier ' invented a similar 
machirie but replaced the harid bperated valve with an autbmatic 
impulse valve which was bpened arid closed by the rebbUrid wave 
inside the hydram itself . Mbritgblfier ^s machine was called 
. Vie belier hydraulique, V frbm , which th^ term "hydraulic ram" 
was derived. (Because "hydraulic; ram" can have more than 
brie meariirig, however, we prefer the British term "hydram" tb 
describe these water purnpirig devices, arid will use this term 
thrbughbut this mariual.) The iriVeritibri was sb . simple arid - 
reliable/ it has survived over 200 years with very little . 
cluarige. 

The technical infbrmatibri contained in this manual has 
been developed through experiments and experience. We have 
tried to present the fruits of our experience in such a manner 
as to be easily transferred to other situations and applications 
The transfer cannot always be complete, however, and situations 
cannot always be predicted. The performance of a hydram* is ^. 
dependent on many variables. The information contained in^ this 
manual should tjierefore be regarded as ^uideline^ based on 
past experience, rat:her than absolute rules. 



David Jessee 

Perennial Energy, inc.^ 
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Introduction 



This training manual presents a comprehensive training design, 
suggested procedures , and materials for cpnducting a workshop in 
the design^ construe t ion, operation, maintenance and repair of 
hydrams, and planning and implementing hydram projects. It in- 
cludes sessions for the design and cons true t ion of modified and 
'fabricated pipefitting rams and cement rams, and complete instruc- 
tion?, for a clear PVCd em The training design 
incorporates a variety of active learning techniques and ca.n be 
mod if ied to fit the skills and need^ of the participants. The 
workshop requires ten, eights hour working days. The activities 
have been designed for 15-20 pasticipants with two trainers. 

The training design is only as effective as the trainers who 
are using it. Trainers must have skills and experience with 
hydrams as well as trainings They may find it necessary to modify 

the design to accommodate part ic^ipants ' skills and needs, the 

amount of time available for twining , actual conditions at the 
training site, the number of participants and their training 
style. The success of the design, however, depends on the amount 
of practice and application participar^s experiences 

This manual was produced under a^i^it icipating Agency Service 
Agreement between Peace Corps and the Qt^S^j^ Agency for Interna- 
tional Development. The initial wbrk^ including the technical 
content and material was prepared by.Perennial Energy, inci , which 
h-as conducted pre-service training for Peace Corps Volunteers. 
David Jessee^ Ted Landers^ Jay Dick^ Brad Jacobs and Pat Wiersma 
were Perennial's significant contributors. 

Trainers who participated in jf'a selection and orientation work- 
shop offered insights for revisions. That group included : Jim 
Bell, Paul_Jahkura, Steve Joyce^ Dale Krenek^ John Led, Jack 
McCarthy,, Judith__Oki, Christopher Szecsey^ Chris Walters^ Maurice 
Wells and Terry -Whitington. 

The design was piloted in Costa Rica, by Dale Krehek, in 
Lesotho by Dale Kirenek, Judith Oki ahd_Terry Whitihg:tbn; and in 
Fiji by David Jessee, Dale Krehek and Judith Oki. Those experi- 
ences completed the design revisions irtcoirpora ted here. 

Ongoing design, editing and production has been the task of 
the entire Pe^ce Corps Energy Sector: Paul Jahkura, Ada Jo Mann, 
Prudence Merton, and Pat Riley. 

^ Judith Oki 

Energy Training* Specialist 
Of f ice of Pr ogr amm i hg and 
Training Coordination, 



October, 1981 
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GUJDELINES FOR ^^SERS 

^- Training Object! ves ; By the end of th^ workshop, participants 
will be able to: ^ 

Purvey and evaluate sites foP potential hydrant projects; 
articulate ahc^ apply hydram theory; 

use correctly basic water and distance meisuremen't 
techniques and formulas for proper sizing of hydrants; 

select proper ram design and size; " ' ^ 

list tasks and resources necessary to develop a water- 
source site for hydram operations, and 

design water d^strifcrut ion system including storage tank, 
stand pipe, supply lines, etc.; 

construct a pipefitting and/or concrete hydram; 

operate, maintain^ troubleshoot and repair hydrams; e 

identify issues in training local community niembers. in the 
installation, operation arid maintenance of hydrams; 



identify physical, social and institutional requirements - 
^for the successful application of this technblogy; and 

describe an action plan for using this technology in their 
real life situation. 



The workshop^ design requires the involve- 
ment of^each participant, individually, in small groups, and 
the large group. The act ivi ties are. designed to provide ' 
makimura opportunities for participants to practice the skills/ 
they'ore ^-acquiring and consider issues specific to their sites. 



Activities include: 

• demons t rat ions 



• 



problem-solving (individually, small groub, large 
group) 

skill practice, guided construction (small group) 
group discussion (small arid large group) 



As the workshop evblves^ participants are required to solve 
iric'reasingly complex problems on paper and iri skill practice 
Throughout the workshop, part icipants are asked to ideritif^ 
issues in hytdra^ application and project development. 



r 
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C . Manua-l Organization 

Th^ training sessions each include learning ^^ijectives, recom- 
mended . time , sugcjested i>^ocedures, and the specific tools, 
materials and resources r^^'-^ir?^- Notes to the trainer are in 
the right hand "margin" and space is prov ided there for 
add i t ional notes . - 

All handouts appear twice in this manual. • jOnce at end of 

the session in which they are used and collectively as an 
appendix for easy duplication. 



D. Pr-eparation for Training 



[Editor's Note: Appendix of duplicate 
handouts deleted froin this document . ] 



The foiiowing is a list of logistics and tasks that need to^ be 
completed during the planningf process. ^'Specific tasks'^ thaB 
need to be corapieted before each session ar.e listed within the 
session. 

1. Become famil i*ar with the training design^ sessions and 
materials in the manual. - • 

2. Gather information -about the availability of skills, equip-^ 
: ment and materials at or near the training location. The 

practical natijre of this workshop requires the availabi- 
lity of basic _ carpentry> plumbing, and.some metalworking 
tools, as well as parts and_ materials for the different 
ram constructions. A checklist is , provided. . 

3. Sa|ed on the information gatHered, and proposed applica- 
tions,, select the constructions that will be covered in 
depth. t 

Note: The concrete construe t ion is easier to understand, 
after participants have acually constructed a simple ram, 
i.e., pipefitting or clear PVC. The concrete construction 
must take place over at least 6 days in order to cure 
enough to pperate. • ' . 

4. Identify, the training site_. ^ -The ideal training site : 

: provides space. for the f to 11/ range of trai ning activities 
within easy walking distance frdrh each other: 

* _, ■_ ____ 

• classroom space for _ smal 1 and large groyp, work ; chalk- 
board / newsprint , si ide projector > table space ; 

m enoug^b Vorkshbp sp^ace to accomodate all-, participants * ^ 
in cbrist ruction activities; workbenches, tool storage, 
first aid station ; ' ' ^ . 



/ 
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field activities: 

Ij a streaiti/spririgs nearby where participants can 
•practice measuring water flow, distance^ head; 

2 j an area where participants can take a number of 
measurements to determine an ideal location for a 
hydram. The site must: offer a r:ange of' choices; 

' 3) space where a demonstration ram can be ihstalled 
easily, br proximity to ah actual installation;^ 

• 4) experimentation: space must be available for 

participants to operate and trbubleshoQt hydrams. 
These activities represent ^- 3 days of the 
f i workshop, _ The space must provide sufficient 

'stations for construe ted rams - i station per 3-4 
participants is recommended. The water source 
must supply a constant @ and variable fi,. An _ 
example experimental Station is provided at the • 
end of this section. 

If -these facilities aire not near each other/ then 
travel time must be included in the s'chedule arid 
tlrahspbrtat ion arranged, ^ ■ ' 

^ ^ _ _ . _ • ' 

5. IfeteriTilne number of trairiers required, 1 tfairier: 7 
Participants is an ideal iratiOy but with a strong tech- 
nical ^ssrstant trainer, a 1:10 ratio is manageable. The 
_iitiP9^tant thing is participant access to skilled resources 
during their practical work. 

6. Announc;e the workshop and identify participants. Send 
each pairticipant information on dates, logistics, a set of 
^P?''^shij9p objectives .arid the site irifbrmatibri worksheet , 
included here in appendix of handouts, (IB, 2E) 

7. With other trainers, develbp norms for the training team, 

, ciafify roles and expectations, review 'status of steps 1-6 
to ^^te# develop- a final schedule, make training and 
preparation assignments ; decide when to do review 
.exercises, and mid-point and .final workshop evaluations; 

8* Duplicate- handouts. 

9. Finalize materials list, based on number. of participants 
^hd 3ecision''on types of construction. Order; materials , 
and arrange for transport to training site. 

10, Assemble handbuts (pre-punch for ring binders if 
possible), chalkboard, C/halJc> newsprint, markers, tape, 
no tebobks> ring binders , schedule. 
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11, Construct clear PVC ram _if ' necessary for demonstration. 
The ihstr^ictions are' includecJ h'ere. Session 2 is readily 
understood wltl> the assistance of this visual aid, .if you 
determine that each participant should construct ^ohe, then 
schedule that early on in the wor^cshdp, 

12. Certificatee of completion add a nice touchy arid should be 
4^srgned ^nd printed. 



WORKSHOP: TOOLS, EQHigMENt: , MATERIALS 



Quantities vkry according to traihirig-grbup size. 
Apprdximately 1 complete set per 4 trainees. 



• 


On hand at 

training 

site 


-.Can be 
borrowed 
from: 


Can be 
. purchased 
from: 


Approx . 
. Cost: 


standard size 
buckets, e.g.v 
20 liter, 5 gal 











2-3 53 gal 
drujns 










3-6 21" p±gk^ 
" 3/4" Diam 
diameter 










Lumber for f 
molds, weirs, 
braces 








) 


Sight levels 










carpenters 
levels 








- 




Measuring 
tapes 




- 






Pliers 




• 


-- - — 




Pipe 

Wrenches 










Hacksaw 










Hammers 










Shovels 


■ 






• 
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Oh hand at 

training 

site 


Gah be 


Can be 




borrowed 
from : 


purchased 
from: 


Appro X 
, Cost : 


'4 

Picks 








■ 


Saws 










Various 
size nails* 




- 


- --- 




Misc. hard- 
mK'e , nuts, 
bqKt&4 washers , 


— ■ 








Gasket 
material : 
rubber, cork 


- - - - 


— _ 






Rubber sheet 
3/16" - thick 
can toe inner 
tube 








/ 


Steel plate 
3/16 - i/4" 
thick 










Pipe joint 
compound or 
Teflon tape 










Access to metal 
working 
Facility for 
cutting, 
drilling , 
grinding stell 
plate 
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HYDRAM CONSTRUCTION MATERIALS 

The specific construction materials vary, and there is a 
range of possible adaptations and variations. , At a general 
level, we need to know whit typical sizes of standard pipe 
and pipefittings are available and approximately what they cost. 

Please indicate: (yes or no) if the parts are geherjLlly 
available , i.e,^ one could find them readily iri a plumbing 
supply/hardware «tore; if they can be specially ordered , 
how much time is required; approximate unit co^t for the 
following: 



PART 


SIZE 
(RTftM) 


GEN ' LLY 
AVAILABLE 


SPECIAL 
ORDER TIME 


APPROX^ 
COST 


Steel pipe, standard 
length in/cm. 


3/4" 








1" 






— 


1 - •-- 


2" 








Pipe Tees 


. 3/4" 










1" 
















— ^r-^ — 




3" 








Reducing 


2"x 1" 








Bushings { \ - 

V -J 


2»x 3/4' 








Sweep - 90^ 


1" 










1" 








Female adapters 


3/4" 










i" 








Male adapters 


3/4" 










1" 
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Hydrain Con s truction Materi ^s - continued 



^ \ 

SIZE I GEN'LLY 
PART. CMAM)^ -L-ftVAILABLE 


__SPECIAL_ 
ORDER TIME 


APPRtoX 
COST 


Clear PVC pipe 3" 


r ; 

< 






PVe cap 3" ; 








Gate valve 








Foot valve 2" 








eheck valve 1" 









A cement ram can also be iiiade> reducing the need for many of 
the above parts, so please indicate approximate cost of cement: 



lbs 



This list is by hb means all inclusive but represents key 
items. Detailed parts lists will be developed prior to the 
workshop. 
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SAMPLE- WORKSHEET FOR F-INAL MATERIALS LIST 



Materials List 



e of Ram 



No. of Rams to be built 



QUANTITY' 



DESCRIPTION 



SIZE 



USE 



If; 

o 
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SBoGESTEDSeHEDdbE F6R riYDRAM WORKSHOP 



Day One 


Day Two 


Day Three ] 


/ ,. 

\ j)ay Four' 


"bay Fi% 






Session 7 
Session 8 
Session 9 

ft 


Session 1.0 
Pare i, II 

Session LI 

Session 12 

\ 

V 




Session 

Session 2 

Session 3 & 4 
Theory 


Sessions 3 3( 4 
Field ' 
Activity 

'Session 5 

Session 6 


Mid workshop 
evaluatibri 

A 

Session 13; 


Day Six 


Day Seven 


Day Eight 


Day Nine 


Day Ten 


Session 10,: 
Part II - cont. 

Session 13 - 
present 
results 


Session 14 
Session 15 


Session 16 
Session 17 
Session 18 

r 


Session 10 
AsseitiDle , 
Operate Con- 
crete ram 


Session 19 
Session 20 
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CONSTRUeTlON ^QF^ A PVC HYDRAM ' Time : 4-5 hours * 

(for Demonstration Purposes) - ^ 

- - - J 

OBJECTIVE : To construct a hydram from clear PVCf pipe-fittings 
and fabricated valves. 

OVERVIEW ; The PVC hydram is an excellent training, tool 
because it enables trainees to see the hydram 
components moving while the.ram.is in .operation ^ 
and to observe the directional flow of watej: a_s__ < 
shown by suspended solids in the water. The Pyc 
hydram is o& limited use for actual water pumping, 
however, 'a^ it will last only about one month in 
continuous use. For this reason, it is suggested 
t,hat one or more PVG hydrams be_ constructed prior 
to the workshop, and used to illustrate _the intro- 
ductory sessions (Session 1 & 2) on the first day 
of the workshop itself. The construction could be 
part of a pre-workshop staff training program, if 

1 1%" coupling 



4 ^" #6 sheet mefeal screws 

2 l"x h'' X 20' bolts 

1 2"x ^"x 20 bolt . 

6 X 20 nuts 

assorted washers 
'Handout 



PVC cleaner, PVC glue, 1/8" sheet rubber, TFE tape 

TOOLS: Heat source (such as propane torch, campf ire , oven) 

%-20 tapisaw, miter box, electric or hand drill, 

1/8 " drill bit, 13/64 " drill bit, screw driver , 

. 7/16" wrench or adjustable wrench, knife, tape measure 



MATERIALS': 2 V% tees 



1 3/4" male adapters 

1 1^" cap 

1 14 "x 1^" pipe . 

5 l%"x 3/4" reducing 
bushings. 

1 24 "x 3/4" pipe ' 



NOTE: This is presented in sess4bri format ^ in case ic 

heeds to be done wi th ' a 1 1 par t icipant s , in addition 



to trainer preparat idh » 
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PRDCEDURES 

L. J^arm up the middle 12" df th^ 24" 

long 3/4" PVC pipe> making sure i 
heated evenly without scorching oS 
blistering. After^ PVe is piiabie' . 

; bend it into.a 9DP angle with about, 
a 5" to 6" radius. Allow it to cooi 
then /cut 5" off each end. (See #3 
a^d #8 on AtEachment. A. 

!. Cut the 1%" PVC into two pieces, 
dri^ l2" long (#6) ar^d one 2" 1 6ng - 
(#19), making certain that the ends ^ 
are cut square ana are de-burred. 

Cut the 1%" coupling (#13) into two 
cylindrical pieces just to one side 
df the iandi Cut of the bdttdm 
df drie df the l%"x 3/4" reducing^ 
bushings^ _ahd sand.it smooth on both 
p.ides. td fdrm a 3/8" thick PVC wash- 
er (#14) . Glue the washer inside 
the piece of coupling without the _ 
land-, flush with dhe end. Discard 
the other half of the_ coupling and 
the remainder df the bushing. 

To make the valves, cut tVo 
circular pieces of rubber td t-he 
same dutside diameter as the 1^" 
PVC pipe. Cut out of each round 
a horseshoe shaped pi^ce and a _ • 
%" hole as shown In Attachment A#7. 

Place four wraps of TFE tape, around 
one end of the 2" piece of 1%" PVC 
pipe. Lay on top of this one of £he 
rubber valves ybu_ have cut bu_t._ 
Fprce_ this into the coupling _half 
that has the PVC washer glued intd 
it. Attach bdlt (#121^ huts (#10) 
and washers (#15_& J16)_as shown 
- in Handout. Drill twd 1/" hdles 
(dhe dh each side) thrdugh this 
impulse valve assembly _ahd_ihto 
the 2" piece of Ih" PVC. Then screw 
two sl^et metal screws into tHese 
holes (#18) . 



NOTES 



Note the 2 types of stroke 
adjustment illustrated in 
the handout. That labeled 
"alternate" is slightly 
more complicated to construct 
but provides eas'ier ad justment . 
Materials required for the_ 
alternate stroke ad j us t^irfenl 
h .x 20 bolt and nut^ 
^1^" wide X 2" long piece 

cut from PVC pipe 
2 #6 sheet mietal screws 
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6. Cut ^" off the bottom straight 

. through leg of one of the tees * 
, making certain the.cut is 
square xand de-burred. Place four 
wraps of TFE*tape around the male 
end of a 1^" x 3/4" reducing 
bushing. Attach the 1" x bolt 
with nuts and washais to the 
remaining rubber valve shown in 
the handout. Then place this rubber 
valve inside the bottom of the_ 
tee you just cut off. Force the 
TFE wapped reducing bushing up_tb 
the rubber valve. Drill two 1/8" 
holes into this assembly and secure 
with 2 sheet metal screws. 

7. Next, glue the rest Qf_ the pieces 
together as shown in the At tachment . 
Be sure to follow the instructions 
on_ the glue. 



8. ' Dri^l.a 13/64 " hole through one of 

the flats on the reducing bushing 
just below the check valve, making 
certain that you also drill through 
the 3/4" pipe as well. Drill^a 
1/8" hole up from the bottom of 
this bushing, intersecting with the 
^13/64" hole. Tap the 13/64" hole 
with a ^5-20 .tap then insert a 3/4" 
bblt with lock nut (#9 & #10). 

9. After the hydram(s) have had time to 
dry, hook them up to a drive- head 
arid test them. 
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A PVC HYDRAM 
ATTAeHMENT A 



1. 

2. 
3. 
5. 
5. 
6. 
7. 
8. 
9. 

in. 

ii. 
12. 
13. 
14. 
15. 
16. 
17. 
IR. 
19. 



1';" Tee (2) 

i'i"x3/Zi" Bushing (5) 

3/5" PUC Pipe 14" Long (1) 

3/4" Male Ad&pter (2) 

I'i'" Cap (1) - 

Ih" PUC Pipe (1) 

Ualve (2) ■ 

3/4" PUC 5" Long (2) 

1-20 Boit 3/4" hong (1) 

Nut (5) 
h-2n Bolt h" Long (1) 
h-20 Bolt 2" Long fl) 
Vi" Coupling: (1) ^ 
Washer CutFrpm Buchihg (1) 

Washer 1" Diameter (2) 
^'" Washer '3/4" Diameter (2) 

Fender Washer (1) 
im 'i" Sheet Metal Screws (4) 

2" Vi" PUC PIPE (1 ) 





mrmt size 



l/^' COT GfTF T^^-~ 




sTRot<e /go J 
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S£:SSION--X: -IIiTHQI>UCTIQN TO TRAINING 



^tal Time: 1^ hoars 



OBJECTIVES : By the end of this session trainees will have 



OVERVIEW; 



MATERIALS: 



familiarized themselves with e^ach other and 
trainingstaff;arid 



identified and clarified their expectations 
those of T:he staff. 



This session is des igned to establish a climate of - 
active participa ti3n and collaborative problem- solving 
irf the workshfop. The schedule should Be reviewed and * 
discussed/ $nd expectations need to be shared and 
processed. ^ 



• 
• 



Handout lA; ^^hat*s in a Name" 

Handout IB: Workshop objectives 

Notebook or pad for each trainee (rijig binder) 

Fl ipchar t/markers^ or chalkbbard/cha IR 

Goals of workshop on a f lipjch^rt/chalkboard 



Mbrkshop* Goals ; 

1. To design, construct/ operate/ maihtaih and repair hydrams. 

2. Identify issues in hydram project plahhriirig ahd , 
implemen tat ibh . 

Note : "What's in a Name" is a recommended icebreaker. Trainer 
may use another that achieves the same objectives. 
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Session 1 



iritroduction 

1* Welt:dme the .participants to the _ 
worJc shop and introduce the staff, 
Ha^ve each staff-member _say a few 
words about him/herself.- 



2. Introduce the _ "What ' s. in a Name" 
(exercise and divide the group into , 
small groups of 4-6 participants. 

3. Distribute the handout "What's in a 
Name" an^j have the groups discuss 
th'si^ _^^^<^s*using questions on the 
handout a guide. 

4. As^ 'l^rga grbup have s the partici- 
pants shaire some of the interesting 
"stories" that may h^ve corae out of 
their sm^n groap discussions about 
their n^m^s. 

- -- - • 4 

Goal setting - 

5. Review ^oals listed on_ newsprint . 
Distribute the workshajp objectives 
and asK pairticipants to read them. . 

, 

Expectations : 

6. E>cplain th^t one of the purposes 
of this Session is to identify and 
cia^^ify expectations of the training 
worKshop. 

7. Ask the trainees to list their indi- 
vidual, expectations of the workshop 
on a sheet of paper'.- ✓ 

8. Have the trainees form smali groups 
of 4^5 people and ask them to share 
their expectations listing those 
they have in ccfhintoh on newsprint. 
Staff vjilX do the same. . 

9. Ask^ repojrter from each group to 
post theii: group's list and share 
it with thi^ large group. 



NOTES 



10 miri. 



Allow 30 mii!u^<£or this. 



TraAner may want: to join one 
of the groups as Ja participant 
Be sure to gi^^^^he groups a 
time check. 



10 rriih. Participants should 
already have copies of the 
objectives. Have additional 
copies on hand just in case. 
Answer any questions. 



5 min. 



15 min. 



20 min. 
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Session 1 



PROCEDURES 



NOTES 



10. Clarify which expea#:ations\can be 
met during trhe workshop and those . 
which cannot. | 

11. Distribute the schedule f or ^ifee 
workshop and discusk the first day. 
Explain, the workshop site procedure 
5nealtimes, facilita.es, etc.). 



12. End the session by surtmiarizing ^the 
shared expectations of the group 
and mention that the\ list will be 
reviewed at the end of the workshop 
to determine how weli\ the' expecta- 
tions have bfeen met 
^ AsR[ participants to dting 
'Tarticiparit Site IrtfoVmation 
Wbrk^Ja^t" to next session 



5 iiiin , 
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Session 1 ' 
Handout: lA 



WHAT'S I N A NAME 



Our harries aire one of the most distinguishing characteristics of 
who We are. Share with the group some of the reasons why your 
name is special/"^"" ; ' - 

Some things you rriight wish to share: 

• Do you like your name? Why or why not? 

M . How did you get your^first name? ' : 

• Does your name(s) have any meaning? ; 

• What is the origin of your last name? . 

• ' Famoijs (or infamous) ancestors? - 

Funny stories, incidents related to your name? 

.__ ____ _, ■ ____ > , • 

V Anything else you may wish ta share. 
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Session i 
Hahdbue ifl 



HYDRAM TRAtNING workshop 0flJEeTfVES 

the end of the training program, you wiii be abte to: 
survey arid evaluate sites for potential hydram projects.; 
articuLate arid apply hydram theory; 

use correctly, basic water measurement techniques and 
formulas for proper sizing of hydrams ; 

selept ^proper' ram design arid size; 

develop a water source site for hydram operations; 

design water distributidri system iricludirig storage tank, 
stand pipes, supply liries^ etc.; 

construd.t a pipefittirig arid/or cemerit hydram; 

maintjain , troubleshddt arid repair hydrams ; 

train local community members iri the iristallatibri , operationr 
and maintenance of/^h^drams; arid 

identify physical , social and iris ti tutidrial requirements 
for the above. 
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SESSION 2: INTRODUCTION TO HYDRAMS 



Time: 3% hours 



OBJECTIVES : By the end of this session trainees wiii be able t< 



• articulate basic issues bl water suj 
iri their communities and the implications 
for hydram projects ; 

• approximate amount of water a system must 
deliver; 



OVERVIEW: 



MATERIALS : 



• ' accurately describe how hydrams work; 

• articulate principles underlying how a 
hydram works ; 

• determine amount of water that can be pumped 
from a hydram given^ the flow rate and the 
height of the source , and the height of the 
delivery point; and 

• use standardized notation/ terms . 

Part I of this session is a technical introduction 
to the device, providing a basic understanding 
of how and why it works. It presents the rela- 
tionship between potential energy and the amount 
of flow that a hydram can deliver. Given that 
as a basis, trainees will follow the water flow 
from a source, through the ram (actual or 
demonstration) to a delivery point, develop an 
equation that describes the relationsip, and 
solve problems . Part 1 1 examine s critical 
^ issues involved in the ins tal lation of a hydram 
system,, including access to water, present systems, 
needs ^ use and demaqtds for water^ and establishes 
a context for the technical training . 



Handoiits 2A^ 2fi, 26, 2D, 2E 
on flipchart) 



{2A and 2B reproduced 



A working hydram or hydram model 

A physical demonstration ot: 'potential energy 
e.gi, a pegboard with movable pegs, colored 
string ai^^'^weights - 




NOTE: Problems and . [examples should be written iri appropriate 
units of T^asurement . 
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Session 2 



. PRiDGEQURES 



NOTES 



1. Introduce session with a brief states See Foreword for 



Part I 



meht about the general application 
and history of _ hydrams .including 
use and revival in the U.S. 

2. State the objectives of this session 
and rationale for two parts. 



Ask for definition of potential 
energy. Write it on the board. 

Using attachment 2A, or a peg board, 
demonstrate how a falling mass can 
be used to lift a mass to a higher 
elevation. 

Refer to attachment 2B on the flip 
chart/ arid demonstrate situation in 
which a hydiram can be used. Show 
how potential energy relates to the 
amourit of water that can theoreti- 
cally be pumped to a given height. 

Point out on the diagram, the _ 
follbwirig: drive pipe, delivery 
head, quantity of water entering 
the ram, and quantity of water 
delivered. 

Explain that to standardize notation 
all terms on drive side are capital 
ized, and delivery terms are in 
lower case , i.e.: 

drive head = H delivery head = h 



water ^ 

entering = Q 

drive pipe 
diameter = D 

length of 
drive pipe = t 



water 
delivered 



delivery pipe 
diameter = d 

length of 
delivery pipe = 1 



historical background 



Use ndtatidn consistent with 
handout, i.e., Ep= m x h or 
E-j= w X h. 

If group seems unfamiliar 
with concept, the peg board 
will probably be better, and 
it should be passed around, 
so they can try it. 



The vocabulary and terms are 
important at this point; the 
notation is of less importance 
but should be intrbduced- 
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Sessidri 2 



r 



PROCEDURES - continued 



Refer trainees 



7. 



for complete 

list, and state that for purposes 
at this point, it^?_not necessary 
to know ^il of those terms. 

Now that the general parameters of 
a hydram installation are known, it 
is a good time to look at how a 
Jij^ram works. 

Using attachment 26 describe the 
water flow through various parts of 
the ram. Point out that the impulse 
valve is open when it starts. Ask 
questions and bring out the 
fbllbwihg: 

- sufficient water coming into the 
impulse valve to close it 

- effect of water's movement being 
suddenly stopped ("water hammer") 

- moving through the check valve, 
into the accumulator 

- check valve closing, with 
sufficient water weight and air 
piressure to fbrc'e water through 
the delivery pipe 

- vaccuum being created under the 
check valve > air suction, shifter 

Go to tfle actual ihstallatibh . Have 
trainees play with. the_ impulse 
valve ^ listen to the rhythm^ 
describe water path again, based 
on what's heard. Take the valve 
apart, ask trainees to identify 
key parts (impulse valve > check 
valve, snifter, ram body ^ drive 
pipe, delivery pipe). If possible 
take the ram apart, to demonstrate. 

Return to classroQitl. Ask 1-2 
trainees to describe the movement 
of water and the principles. 
Clarify any misunderstanding, check 
use of terms. 



NOTES 



It might be useful to 
underline each part's 
name in a contrasting 
color, as you go throu^ifP" 
the description. 



This is easily done with a 
clear PVC pipe demonstration 
ram; which could be hooked 
up to ah experimental stand. 



The PVC hydram'^could be 
helpful here also. 
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Sessioh 2 



PROCEDURES - continued 

8. Return to the potential energy 

definition, and make the analogy to 
amount of water iguinped , usir^ 
QH = qh, as a sujr ting point.. State 
that, because of _f rictidn and a_ 
number of other factors involved 
in the construction of the hydram^ 
it's unlikely that_ all of the water 
theoretically available will or 
can be piunped, but that some 
percentage of it_will be pumped • 
The_ percentage of water pumped is 
called the efficiehy of the_hydram^ 
and is designated, by 'ri'. There- 
fore, hQH= qh. Ask the trainees 
to solve the ecjuation for 'q', 
since thje interest is in knowing 
how much water can be pumped. 



NOTES 



Result : 

amount of 

water 

delivered 



drive ^ water ^ 
head entering 



delivery 
head 



effi' 
cien 



9. Review standard units of water 
flow; i.e., in- water flow 
measurertient sessidhs, ine^surernents 
are in gallons per 'miftute (gpiti) . 

10. Trainees how should be able to tell 
the amount of water that can be 
delivered in hypothetical situations 
given an assumed efficiency. Ask 
them to solve the following problem 

A_ spring is flowing at the rate of 
20 gpm. J The hydram is located 
20 ft. ^roeasured vertically ) below 
the sprang. The storage tank is 
100 ft above the spring (measured 
vertically) ahd the assumed 
effic:|^cy of the hydram is 56% . 
How much water can be delivered? ^ 

Ask one trainee to presenS the 
process and solution Njn tiv^ board. 
Check the group to see if everytihg 
is -clear. Ask tf ^inees. isp develop 



Or refer to efficiency ' 
as percentage of energy out; 
Use the description that best 
suits the technical level 
of the group. 



If the algebraic manipulation 

confuses the group, go 

through this derivation process: 

■ : 

nQH = qh . 



nQH - ^ 
h h 



nQH ^ q 
h 



Answer: 2400 gaiions per day (gpd) 

-if the diagram from attachment 
2B is on the flip chart or 
chalk boa^d, these figures 
can inserted in the 
appropriate places. 
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PROCEDURES 



NOTES 



Part II 



other hypothetical sitlfatidns for 
the group to solve. _ Check to see 
that the process and units are 
correct. If the arithmetic _ is wrong 
Gbritihue practicing ot a calculator 
itiay be used. 

11. Wrap up by reviewing the sessions 
objectives arid checking with the 
group to determine that everyone 
is comfoirtable with the_ concepts , 
vocabulary and the problem solving. 
• . r 

Distribute the glossary and review 
key words and concepts. 



1. Ask participants to form groups of 
5-7, and assign one trainer to 
facilitate each group. 
Group TSsk: Distribute participant 
site information worksheet and have 
the trainees fill it out. Then afe 
a group have them: 

a. Discuss responses to questions 
1-5. 

b. l-ist problems with present water 

problems/issues tS«t would re- 
main the same and new probiems/(jf* 
issues that would be created. 

c. Each group is to select 2 major 
problem areas/issues in the 
development of the T^dram system 

- that will be critical to its 
success over time. 

2. Share (c) in large group. Ask for 
implications for their work in com- 
munities in introducing this tech- 
nology. 

3. Suininarize as critical issues to keep 
in mind as they move through the 
workshop. 



If participants are having 
problems with the arithmetic 
suggest that they form study 
groups. 



30 m±n. 



15 iifln. 



16 min. 



15 min. 
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DEFINITION OF VARIABLES 



D = Maiiieter of Drive Pipe d = Diameter, of .Delivery Pipe 
•H = Head of Drive Pipe . h = Head of Delivery. Pipe 
L = Length of Drive Pipe 1 = Length of the Delivery Pipe 
Q Q.usntity of Water Entering q = Quantity of Water Delivered 

_; Hydram _ t n = efficiency.. 

^ Qysntity of Water Wasted S = Length of the Impulse. Valve. Stroke . 
from. Impulse Valve F = Frequency of the Impul.se. Valve Stroke 

W = Weight of the Impulse Valve 



t> ID 
? 0) 
0.(0 
0 N- 
CO 
,n!3 
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/ 

Attachment 2-D 
gfceSSARY JQI^ TRRMS FOR SESgiOa 2 

# 

Accuiiulatbr - (air dome) the air chamjper on tKe hydram which 

cushions the water hammer> eliminating delivery pulsations and 
helps provide rebound. 

Check yaive - (non-return valve, secondary valve, internal valve) 
the internal valve in the hydram that prevents the delivery 
head pressure from forcing water back through the hydram body; 

Delivery head - the vertical distance between the hydram and the 
highest level of water in th^t^^tbrage tank that the hydram is 
pumping to. 

Ijelivery pipe - the pipe which cbhhects the output of the hydram 
to the storage tank. ^ 

Drive head the vertical distance between the hydram and the 
highest level of water in the supply system. 

Drive pipe - a rigid pipe usually made of galvanized steel tjhiat 
cbhhects the hydram to the source reselryoir or stand pipe. 

Efficiency - (n) the ratio of the energy input to the energy 
output; a measure of how well a hydram functions; 

- ^ ' _ ah 

^ = QH 



Frequency - (f) the humj2r^r of times a hydram cycles iri one minute. 




Hydram - (hydraulic pam, hydraulic ram pUitip/ automatic hydraulic 
ram pump, ram) arl ingenious device that uses the force of 
water falling through a drive pipe to purnp water to a height 
greater than its source, making use of hydraulic principles 
arid requiring rib fuel. 

_____ ' 
Impulse Valve (clack valve, out-side valve, impetus valve, waste 
valve) the valve on the hydram that creates and contrc?ls the 
water hammer. - 

Potential ^nergy - energy derived from position or height; is 
equal/to the height that a mass can fall times its weight; 

Rebound - the flow of water in the i?ani reversing* direction due to 
the &ir pressure in the accumulator, closing the check valve. 



Settling ^asin - a small tank usually made steel or concrete 

that .is used in place of ^ stand pipe in an installation where 
additional settling is necessary. 
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Snifter valve - |air valve> spit waive)' the small valve just below 
the eheek valve that allows air to enter the Ip.ydram. 

Spring box - a concrete box built aFouhd ; a spring to facilitate 
water collection and to protect the water. source from surface 
contaminates. 

Stand pipe - an open-ended, ve^rticai pipe_. sometimes used at the 
beginning of the drive^ pipb. ' v 

Supply pipe - everything in'a hyd.ram system before the drive pipe, 
usually including some but not necessarily all of the .„ 
foliowing; spring box, supply pif)^, stand pipe> settling 
basin. 

Waste "water - (Q^^) the water coming out of the ; impul se valve and 
the shifter. , 

Water delivered - (q) the rate at which water is delivered -to the 
storage'* tank; ^ Q x H x n 

q = h . ■ : 

Water flow to the hydram - (-Q) all the, water used^by a hydram 
^ which is equal to the waste water (Q^^) plus the water 
del ivered (q) . 



water haimner - the effect created when water flowing through a 

pipe is suddenly stopped. In a hydram this causes the_ closing 
of the impulse valve and opening of check valve. 
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HYDRAM TRAINING WORKSHOP 
PARTiGiPANT SITE INFORMATION 

Hydram i ns taiiatiohs are extremely site specif ic. Although it's 
simple technology, it does require being properly designed, and - 
sized based upon particular ch^racterist ics of the site. It also 
requires a certain amount of fpllow-up and maintenance. In order- 
to maximize your learning during' the workshop, please begin to 
gather the following information. (You don' t have to have all of 
the information prior to the workshop, but ft will help if you 
[in to consider these factors at your site.) 



ii What water source are available? 



2. What kinds of water systems are presently being used? Who is 
responsible for maintaining the systems? 



i. What are the present patterns of water use in your community? 
(e.g. potable water> irrigating home garden plots) 



4. What is the proposed purpose for the hydram installation? 



5. Wliat kinds of skills and resources are presently available to 
support a hydram installation? 

- Community history of cooperative work on projects? 

- As existing community water distribution system? 

- Facilities and craftspeople in_,or near the community with 
metalwbrking , plumbing, and masonry capaBilitie.s?^ 
Vbcatibhal- technical schools, public works? 
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5. How do you rate your present kribwledge/exper ierice about water . 
systems^ pumps^ hydrams? What do you need to refresh, what ^6 
you heed to know? 

i 



7. If you have a site in itiind for a hydram, can you find out: 

a. approximate flow rate of the water source (gallbhs/mihute) 

b. approximate "drive head/" i . e . , vert ical d istaHce from 
water source to where hydram will be installed? 

c. approximate "delivery head," i.e., vertical pumping 
distance from ram to point ofdelivefy? 

d. amount of water desired/i;*equired? (gallbhs/dayj 

NOTE: During the workshop, you will learn simple 
measuring techniques; knowing this information beforehand 
allows one to desigrt .a site specific ram during the 
workshop with guidance from the training staff. 



Please bring this sheet_with you to the workshop. If it's easier 
to sketch your situation, feel free to do so. 
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SESSION 3 : WATER MEASUREMENT TECHNIQUES 



Total Time 



hblir 



OBJECTIVE: 



OVERVIEW: 



MATERIALS ; 



By the end of the session, the trainees will be 
able to accurately measure the flow rate of 
moving bodies of water using a weir^ a bucket 
and watch ^ or the float method . 

It is important during this session that the 
trainees gain experience in estimating flow rates 

and develop skills in measuring flow rates. 

Three methods of measurement shal 1 be presented^ 
1) the weir method, 2) the bucket and stop watch 
method, and 3) the float method. Each method - 
will entail "hands on" work, constructing a weir, 

channelling the stream, placing stakes in the 

stream, etc. The findings from these three methods 
will be compared.. 

Handouts 3A - 3D 

lumber, nai Is , approximately 3 'of pipe with 
a sufficient diameter for the expected fiow^_ 
sheet metal (optional ), bottle with cork^ or 
float. Have a set of materials for each team. 



TOOLS 



watch with a seconds function, bucket of known 
capacity, saw, level, tape measure, fiammer, 
pick or mattock, tin snips (optional), have 
one set of tools for each team. 



^ TRAINERS NQTE :i) Since the purpose of the activity is to learn 

to measure , hot bui id , pre-eonstruc t ion of 
site levels, weirs is recommended. 

2) The weir table is provided in both English and 
metric units ; 



3) the float method has limited appligabiiity- 

Decide whether or not to spend' time conducting 
the field activity. 

4) Identify site for field activity ahead of time, 
ensuring enough locations for small groups or 
pairs, to work independently; stake out 

di stances if necessary . 
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PROCEDURES 

1. Discuss the need for water measure- 
ment in hydram systems: 

- amount of water delivered 

- amount of water into ram 

2; State objectives for the session. 

3i Ask participants approximate 
amount- of water needed for: 

- irrigating an aVera§|^arden 

- domestic use 

- potable water 

4. For each^ ask participant s to com- 
pute arhburit of water needed to 
enter the ram given H=^l6' , 
h=30'. 

5. Distribute the handouts and make 

a transition to the task of measure- 
irig water available. 

6. Describe the weir and what it is 
used for. < 

7. Describe how to build and install a 
weir. 

8. Explain how to. use the weir table. 

9. Go over the example in the hand- 
out and make certain everyone feels 
comfortable with. their ability to 
use the weir table. 

10 . Describe how to use the bucket 
and watch method. 

11. Describe the float method of 
measurement . 

12. Explain steps in determining cross- 
sectional area of a stream. 

13 . Explain procedures in determining 
the velocity of the stream. 



NOTES 



\ 



This probtem links and reviews 
Session 



A desk top tnodel would work well 
for this and could substitute 
for the real exercise if time 
and facilities aren't available. 



Itscrecion af^t 



Use d 

to go Into aS 
on flows t 
ihf LhLte 



to how much detail 
ts method is used 
wputd be considered 
ItH^^ ram i ns ta i ia t ion . 



( H oa t me thoc 
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PROCEDURES 



NOTES 



14. 
15. 

15. 

17. 
18. 



19 
20, 

21. 
22. 

23. 
24. 
25. 
26. 



Go over this example in the handout. 

With the trainees > go over the 
sequence of events involved in the 
remainder of this session and how 
much time is left. 



Divide the trainees into groups of 
three. or four > giving each group an 
even level of total skills. 

Proceed to the creek or stream i 

Locate a section along the creak 
or stream where the flow is consis- 
tent arid there is sufficient room 
for all the groups to work within 
sight of each other. 

Have each group, select. a site. which 
they feel will be easily developed. 

Have each trainee mak^ a guess as to 
flow rate of the creek or stream' 
they are measuririgi . 

Note estimates of flow rat^. 

Calculate flow rate by the float 
method. 



Select appropriate section of the 
stream or creek arid determirie cross- 
sectional area. 

Place two stakes in stream at appro- 
priate spot{s and distance from each 
other . 

Place f ioat Vin mid^stream" and measure 
time it tak^^or^loat to travel 
from one st^e^to another, 

Repeat measur>miend several times and 
average the flow^ate, 



Use only if time allows ^nd the 
water source is appropriate. 



V3 
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PROeEDURES - cbhtiriued 



NOTES 



. Note differences between original 
estimates and measurements of flow 
rates. 

28. From the measurements made, have 
each group decide on the size of 
their weir notch. 

29. The trainees next construe t their 
weirs and install them in the creek^ 
making certain that the weirs are 
well supported and sealed against 

. leak^e around the bottom arid sides. 

Beti^^^ter the weirs are cpristructedj 

readings should be taken periodically 
while the water is seeking its new 
level and while flow rates are being 
interrupted by the other weir instal- 
lations. Orice the readings become ^ 
coh$isteriti they should be considered 
reliable. 

31. Using the weirs as partial dam^^ iri- 
stall the short lengths of pipe arid 
seal around them in the same maririer 
that the weirs were sealed. 

32. With all the water ftowing through 
the pipe and into the bucket 3: time 
how long it takes to fill the bucket. 
Again readings' should not be corisid- 
ered reliable until they are cbrisis- 
tent. 

\ 33. At this point, review what has beeii , 
done thus far in the sessibri. 



34 



35 



Back at the classroom, list the 
readings fr5m each group and dis- 
cuss the reasons for the variations. 

If different materials were used 

for the weirs, discuss the advantages 
and disadvantages of each. 



Ask participants which method 
they would use, given resources 
their site. 



at 



It inay. be a good idea to have 
each group build their i^eir 
out of different materials so 
that the construction tecKniques 
can be compared. . 




Point oat need to measute * 
seasonal variations of wat^r flow* 
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HANDOirr 3A 
USING A WEIR 



A weir may be defined as an overflow strjdcture bull t acros^ 
an open channel, usually to measure the rate of flow of 
waters. Weirs are acceptable measuring devices because, for 
a weir of a specific size and 'shape (installed under proper 
^ condlcions) only one depth of water can exist in the upstream 
pool for a given discharge. The discharge rates are deter- 
mined by measuring the vertical distance from th^ crest of 
,the overflow portion of the weiir to the water surface in the 
pool upstream from the crest, and referring to tables which 
apply to tbie size and shap^ of-the weir. For standard 
tables to apply, the weir must have a regular shape^ -definite 
dimensions, and be set in a bu|-khead and pool of adequate 
size so the system performs in d' st;indard manner. 

Whenever the flow from a creek is too great to bemeasured 
in. a bucket and yet is smalt. Enough to^be dammed by a board, 
the weir method of measuremenrt should be used. 

Determine the dimensions to be us^d for the weir notch. 
The width of this notch is related to the measurement <of th^ 
flow rate by the height of the water Lrr the pool formed .behind 
the weir_. This height is measured in inches and by using a 
weir table ^ the inches can^be converted to gallons per minute. 
A number of notches of different widths and height can 
accbrhmbdate a stream' s flow. A v'rule of thumb is to make the 
width of the notch 3 times the height. 

, From ybiar estimate of the flb.w/tof the stream, look at the 
weir table and guesstimate what size notch will accommodate 
yoiir flow. Keep. in mind that the whole stream must pass over 
the notch and that the pool f ortried Jj^hirid the weir should become 
deep enough for you tb_ easily get a decent height measurement, 
i.e.', 2V' Vis a vis 1/16". Example: ybu est^imate the stream 
is flov«7tng at . 150 gal/rain. If ybu made a notch 12" wide ai^jf- 
4" highi at full flow ?riis we>ir wbuld read approximately 
290 -gal/min. (4"-^ 23.936 gal/rnin. x 12". =^ 286.89 gal/min). 
This weir would fit your stream if an actruai weir reading bf 
2^" water height were obtained, it would, indicate a flbw rate 
of li;.8l8 gal/nvln/inch of notch or 141.8 gal /min (11 ; 818 xj^'2") 

. for the stream. • 

0nce you have determined the dimension of Che .notch, ci^_ 
the notch in the board and place Dhe weir Board in the ^^r^am* 
making certain that it is kept . le^ei^and seal off th^ stream 
. cbmpleteiy. Support it with stakes and large rocksi 

47 . ^ 
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Measure 2 feet upscream from thf weir board and drive a 
stake. LJsing a level, put a mark on tKe stake even- with the 
top of the weir bdard. Next ^ measure down from this mark to 
Che water level , subtract this measurement from the depo^h 
of your notch and that will give you the height of.thewa&er 
level above the bottom of the weir riotch\ : ^ . 

- g* •' 

Using the weir table attached^ locate the integer on the left 
hand column and the fraction on the top ' column . Where these 
two raws, intersect; is the amount of gal Ibhsvper minute flow- 
ing past the weir for every inch of width. 'Next multiply 
this figure by the width ^and this gives ygu the total flow of 
the creek . ^ " 

Example : 

Water is flowing chrough a creek three feet wide and about 

3 .inches deep. £t looks like about '30; gai Ions per minute. 

After looking at ;the^ weir table we decide'^ a notch 

wide and 2** deep would probably work. -After cutting the notch 

in a 4 foot 1x6 piece of lumber, the weir bdard Vas placed v. 

in the stream. Two fe^et ujD stream a stake is driven in the 

water in front of the'ndtch. A level is used to place a 

mark on the stake level with the top of, the weif board. 

The water level is^^ihen measured to be 4" down from ^^ii^.s.-- 

rrtark. ^ . 

We now know by subtracting this measurement from the depth of 
the notch that the water level is 1^" above^the bottom of the 
notch. Now looking at the weir ^ta^tfle we find 1 on_the left 
hand column and ^ on the. top r6w. These two rows meet at : 
5,46. We multiply this by the width o£ the notch (6") ho 
find that the flow rate was 32. 76 gailohs per minu(>e. 

• : \ . ■■■ " ■ 

: ■ . . /-J 
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. HANDOUT 3D 
THE FL0AT METHOD OF MEASUREMENT 



The float method of measurement is a simpte procedure for 
obtaining a rough estimate of the flow of the stream* 
It will give a ball. park figure for looking at the stream's- 
potential. It should hot be used for final determination of 
the hydiram system to be used unless the flow rate heeded for 
the ram is such a smal 1 _percehtager of the stream's total, 
flow that what's taken from the stream, for all practical 
purposes^ amounts to a minimal pbrtibri of the stream. 

The float method is based upon tWd aspects of the stream: 
it's crdss-sectidnal area and the velpbity of the - stream. / THe 
c:rdss-^sec t idnal area should be determined at some accessible 
spot in the s tream , preferably in the middle of a straight 
run. Measure the width (w) of the stream. Then, using a ^ 
stick, measure the depth at equal intervals across the width 
of the stream (see figure below). Record the depth at each 
interval and calculate the aveVage depth (d). Now multiply 
the width (w) by the average depth (d; to get the cross- 
sectional area. (A). 




w 



HGURE A 
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Example: The width of a stream, at the point of making depth 

measurements, is 4 feet. The average depth is 1.1 feet. 
Therefore, the eross-seetional area (A) is: 

A = w X d _ 

A = 4 feet x 1.1 feet V . 

A = 4.4 square feet 

The stream velocity can be determined by choosing a straight 
stretch of water at least 30 feet long with the sides approxi- 
mately parallel. arid the bed uribb^ tructed by rocks ^ branches 
or other obstacles. Hark off points albrig the stream. On 
a windless day ^ place something that flbats in midstream^ up- 
stream bf the first marker. A capped bottle partial ly fil led 
with water wbrks well because it lies with a pbrtibn of the 
bottle submerged arid dbesri't just ride the surface of the 
water. Careful ly ti'me the riumber of secbrtds it takes the 
flbat tb pass from the first marker to the second. Repeat this 
prbcess . several times and average the results. 

Eicamp,le: The average time for a float to travel between 

twb markers placed 30 feet apart is 30 seconds. The 
^ velbci ty ( V) bf the float is therefore : 

V = 30 feet _ ^ , • 

30 seconds 
* V = i foot/second 

V =i 60 feet/minute 

The flyDw rate of the stream can now be calculated by m^uLtiplying 
the cross-sectional area (A) by the stream velocity (V)^ 
The usable flow (F) can thgn be determined^by multiplying the 
stream flow rate by a fraction representing the .portion of the 
stream flow that you can or want to use; 

Example: If you will be using 25% of the stream flow, the 
usable flow (F) is: 

F = A x V X .25 _ . _ . . 

' F = 4.4 square feet x 60 feet/rriiriute x .25 
F = 66 cubic feet per rriiriute 

This iiow in cubic feet per minute can then be cbriverted tb the 
appropriate units by muittptying by the correct cbriversibri factbr: 

cubic leet/min x 7 . 48 = gallons/miri 
cubic leet/mth x 28.3 = liters/min 



SbURCE: Mi cror^Hydx-Q Power , National eent^r^ for Appropriate 
Technology (1979) . 56 



SESSION 4: 



MEASURING HEADS A ND DISTANCE Total Time : 2-4 hours 



eBJEGTIVE; 



OVERVIEW: 



MATERIALS: 



f 

tools: 



By the end of this session the trainees will ' 
have demonstrated skills in measuring heads by 
using sight levels, hose levels, pressure gauges , 
arid in measuring distances using their stride 
arid sight levels . 

At a potential hydram si te trainees will per f orm 
a series of measurement procedure's for determiriirig 
the head of a stream/spring , using sight levels^ ^ 
hose levels: and pressure gauges (where applicable) . 
In addition trainees will measure the distarice 
from the point where water will be taken from the 
stream/creek^ to where the ram will be iristallecj 
using tape measures and their stride. ' 

• Handouts 4A - 4e 

• ,15 ft of 1x2 lumber (or something similar 
which is straight) arid stririg. 

• sight levels: 1 per pair of trainees; calibrated 
before s^ssibri 

• tape measures 

• clear hose or tubirig 

• pressure gauges 



NOTES : 

1. Distances and heads for trainee practice must be 
identified and measured ahead of time. 

2. 3-4-5 triangle si*)ght level should be pre-cut, , since 
purpose of this activity is to measure not construct. 

3. Pre-constructibri of site levels, weirs is recommended. 

4. Time and available materials may make some techniques 
impractical. Select techniques ahead of time. 
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PROCEDUREa NOTES 

1. Distribute the handouts and go over 
the objective of the session. 

2. Describe the total activity and the 
techniques the trainees will be using 



3. 

Part I: 



3. 



4. 



Divide the trainees into pairs making 
cg^rtain the total competency of each 
group is about the same. 

. .Js. 

Head^deajsur^ment 

Statt by demonstrating ftow to cali- 
brate sight level and then have the 
trainees calibrate tlteir sight levels 
and measure the height of their eyes 

Give /the trainees the task of measur- 
ing the drive head and the delivery 
head of either an existing or a 
future hydram using d sight^ level. 

The trainees should next compare 
measurements and any measurements 
that seem but^bf line should be re- 
checked albng with the sight level 
calibratibns . 

The trainees should build sight level 
from indigenbus .materials. using a 6 
fbbt> 5 ft., and a 4 ft.l x 2, 
hails/ string/, and a.rbck. The three 
boards should be hailed together to 
form a right triangle. The string is 
attached to the 90^ corner of tjie 
triangle, with the rbdk .attached to 
the bth^ end (see handout 4C) ; With 
the triangle held so the string 
Iremaihs /parallel to the longer leg^ 
one can sight down the shorter leg 
perfectly horizontally. Theses indi- 
genous sight levels are now used to 
measure the same heads. 



Measure the same head using a clear 
plastic hose or tube filled with 
water with one end of the hose 
attached to/fi stick of known length 
(se*e Handout 4D) . 



It may be best to simply 
describe how this simple 
sight level works. If 
necessary to construct, trainer 
should pre-cut lumber. ' 



J 



This is a very accurate 
techriiquef, biit cumbersome 
to practice; 
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PROCEDURES 



NOTES 



6. If there is a hydram installed at 
the site, attach' a pressure gauge, 
to the drive and delivery side and 
give the trainees the task of calcu- 
lating the^heads from the pressure 

^ readings. If this is a potential 
storage tank to the hydram site, _ 
y then fill the pipe with water ahd 
\ attach a pressure-gauge. Pressure 
readings should be taken and the 
delivery head calculated, 

7. If th^ sight levels are of the kind 
that have more than one horiizbntal 
cross hair, explain to the trainees 
how to use these levels for distance 
measuring! 



8. With the help of their partner* each 
trainee will measure ten normal paces 
using the tape measure and then 
divide by ten to determine their < 



9. Give the trainees v±I^e task of 

measuring a distanoctiisirig their pace. 



ib. 'Have them then measure a distance 
using a tape inea^sure; compare the 
■bwo measurements • 

11. The groups should then _be given ^ 
task of measuring the/drive and/or 
the delivery pipe distance. 

12. Back in the classroom^ discuss any 
variations of the readings taken a: 
the degree of accuracy that c^n be 
expected with each method used. 




pace . 
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Sessibti 4. 
Handout 4A 




Te FIND OUT IF THE SIGHT LEVEk NEEDS TQ BE 
CAblBRATED, SIGHT FROM. POINT ON TREE 

(OF OBJECT #ONE) TO TREE (OBJEGT #TWOi AND 
^AKE A MARK, POINT "B". TiiEN SIGHT FROM 
P9INT -B" BAGK TO ORIGINAL TREE (OBJECT #ONE) 
AND MAKE A MARK- AT THIS POINT "C-. IF THE 
SIGHT LEVEL IS PROPERLY CALIBRATED POINTS "A" 
AND "C" SHOULD BE THE SAME AND AT THE SAME 
LEVEL A§ POINT "B" . IF THEY ARE DIFFERENT , 
TOE POINT MIDWAY BETWEEN -A" AND ••C" (POINT 
SHOULD BE LEVEL WITH "B". CALIBRATE YOUR 
SIGHT LEVEL TO THIS LINE. 



eg 



-49- 



Sessiari 4_ 
Handout 4C 



mTBRmrB wf^YS of mnsmmG- M£ms 




mrcH em with mcKUT 

PD1NT(B> 
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SESSTQN Si REVIEW EXERCISE #1 



Total Time: 2 hours 



Q BJECT I VES : By the end of this session trainees will have 
.:: described how a hydram works 7 in *their own 

words, solved review prob'lems independently and 
clarified any misunderstandings to date. 



'MATERIALS; 



_ ^ _v ^ _^ _ _ 



This session provides an opportunity for participants 
to review and synthesize material to date^. * 

Handout 5A_ . . ^ 

Pencil^ paper • * ^ 

ehaikboard/Ghaik or f lipchart/markers < 



PROGEDURES 



NOTES 



2. 



Encourage questions. on any infor- 
mation that has been presented 
thus far and try to get trainees 
to answer ^f or each other* 



Distribute the review exercise, and 
ask individuals to complete it on 
their own. 

After everyone has completed the 
review exercise > have them discuss 
answers with one other person. 

Ask f6r volunteers to share 
answers to individual prbbli&ms, . 



30 rain. 



30 mih. 



20 min. 



3b min. 
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Handout 5A: Review Exercise 1 



1. How does a ?Hydram work? 




2* In a hydram installation where the hydram is located 20 feet 
below tlie spring box, how much water could be pumped in a day to a 
' storag^tank 100 feet above the spr ingsT bo-x; if , the spring, is:. 
flowing«0 gpm and the hydrahi ef f icieficy is 50%? ■ 



;v 3- -What is the flow r a tj,^ in gpm through a weir , four inches wide> 



r^Vwhen the' water level is^^2/S'' above tiie bottom of the weir slot 
when measuretj two feet upstream? 



What is the height of your eye level? 
5. What is the length of your pace? ^^^^^ 



.4» t 




69 



''Session 5 

-54'- 



Ahswers tg Review Exercise #1 



The hydram is located below the source of water and is used to 
pump the water to a storage tank which_ is higher than the 
source* The water accelerates as it flows down hill through 
the drive Ffl^e and. out the impulse valve until it reachej* such 
a velocity as to slam the impulse valva shut. This causes a 
water hammer effect^ forcing water and a lew air bubbles 
sucked in through the shifter from the previous cycle^ through 
the check valve and into the adeumulator filled with air. 
This movement _ 6f water into the- a«|:umulatbt^ causes the air to 
compress- until the forward mbmehtom is stbpp^, At_th^s point 
the water _^n the a.ccumulator^bounces back because of"\ the ^ - , 
spring effect of tihe air in the accumul atbr . This rebbuhd in 
th^ opposite direction causes the check valve to suddenly 
clbse/ causing, negat ive pressure in the hydram befbre the _ 
check valve. Because of this negative pressure, air is sucked 
in^hrbugh the shifter arid the impulse valve caused to bperi - 
agairi at which pbirit water starts exitirig through the irnpulse * 
valve arid the cycle starts agairi^ * ^c--^*^ 

H ^ 50 • * 

h = 100 + 20 = 120 : 

Q = 10 ' . : 

n = .50 __ 



q =j Q X h X n 
20 



q = 10 X 120 ^ - 50 = .8333 gpm :^ 

min . : 

>,8 3"3 3 gpm x i44;a day = 1266 gpd 

3.- 5 3/8" on the weir tjbie is 37-25 gpm. This times four cqgais 
.149 gpm; 

4- Any answer within reason is OK. ' 



5. ; Any answer within rea>son is OK. 
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SESSION 6: HYDRAM THEORY 



Total Time: 2-3 hours - 



OBJECTIVES 



OVERVIEVJ: 



By the end of this session trainees shall be able to 
• articulate hydram theory, and -V: / > 



9 develop basic guidelines for preiiniind^y sxzin^ 
arid design. 

> . 
This lecture/problem-solving session exbiofces in 
depth the relationship between basic theory and 
design/sizing of j:B,m installation. 

^flip chart or chalkboard 
Handouts. 6^1^ 6 B, 2B 
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•I 



PROCEDURES 



MOTES 



Introduce the session simunariz-" 
ing what. has been learned so far, 
i.e., basic principles , how a rnm 
^orks, how to measure water flow 
and heads, how ^o calculate amount 
of water to be pumped. Explain 
that next step is to take a more in 
depth look at all* of the factors 
affecting the amount of water a ram 
can deliver and what that means in 
terms of design and sizing. State 
jectives of the session. 




Present general information on 
pressure / including: 



- review of the basic definition: 

force 
pressure = area 
- and the standard units : 

psi = pounds/square inch 

~ definition of gauge preglsure and 
*. atmospheric pressure, inciudihg 
the relationship between 'the two. 



Describe, using handbut 6^, amount 
of pressure per foot of water/ i.e. 
• 4 33 psi = 1 f t and application to 
measuring heads with a pressure 
gauge. Ask participants to solve 
the follpwing problems; ^ 

- If the pre s sure j^-^uge reading ^ _ 
is 75 psi, how high is the heaiS? 

- To simulate a 200 ft!^h^ad> what 
should be^^Se psig? 



This material caii be presented 
at a number of levels of technical 
complexity; The trainer, by nfipw 
will have a sense of the group's 
level; This manual is written 
from ^ basic technical level. 



Limit* the amount; . of time spent > 
on pressure to 10 rnin. and link it 
directlx to the Vam. 




Write on board: 
-433 psi = 1 ft. water . 

psi = 28" wat^r br 2 . 3 ft. 



^swer = 173.1 ft 



answer ~ 86.6 psi 



Rc^call that the concept of the hydram 
is based bri the concept of potential 
energy; and the' re^fetionship of. poten- 
tial energy to kinetic energy . :Ask 
for a definition kinetic energy 
and write on the board or flipchart: 
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PROCEDURES , : ^ 

5, \ Show that ittaxife'zing velocity 

optimizes kihetic energy. 

6. ^ Ask/explaih how maximum velocity 

is affected by or affects: 

- drive pipe diameter 

- drive p>ipe length 

- frequency of ^impulse val^e 

- i - maximum delive^. ^tead 

7.. Ask how stroke and weight affect 

frequency of . impulse valve, and how 
"frequency affects: 

- amount of water delivered . 

'-' " —^ amount of water used by the 
hydram 

- overall efficiency of ram 

.8. Ask participants f9?"_ the formula 
^ > of the . ^junt: of water delivq^ed. 
Write \ 3n the board/flip chart 
Ask/', 'tain effect of E ratio on: 

_ _'_ _ : h 

' - qua-ntity of water delivered 

- efficiency 

9, Discuss^ how :the length of drive 
pipe is af £ ected ^ by : 

- drive hea'd 

- drive pipe diameter • 

- topographical limitations ^ 

- . ■ ■ 

- cost 

10. Ask participants _tb determine best 
L for D = J", and H = 10 ' 



NOTES ' , , J 

if this concept is difficult 

use an example: 

m = 2 4 2 

V = 6 6 12 

ke = 36 72 144 • 

Doubling mass has less effect 

than doubling velocity. 



generally increases 'as 

Hrh' increases. 

Increases as H:h decreases. 



\ 



R€jjer to glossary for L: D 
anS L: H ratios. 



7,7 
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PROCEbURE 7 continued 

ii. Explain the_ importance of rigidity 
^f^'^^.P^P^ and in the hydram 
before the cJtieck valve. 



12. 

13, 
14 . 



Review the roie of the air cushion 
in the accumul^ator ahd explain' how 
the ^9^nt of air in the aqcumulator 
affects" hydram efficiency. 

Discuss the role of the snifter. 

Distribute Handout 6B ; point out 
that it includes some additional 
terms. Ask participants to look- 
at the flow rate range table on - 
the second^page. Explain that flow 
rate '(Q. Ir^p^m^^is preliminary 
indicator of ram size. There are 
two genj&ral ways to estimate size: 



NOTES 



1) table 

2) Q = 3d2 or D^= 



Q 
3 



Ask participants for appropriate 
D for Q = 30 gpm. 

IS.vpn the board/flip chart , present the 
size relationships relative to the 
. driv.e pipe diameter : ' 



- impulse valve = 2D 

- delivery pipe (d) = %D 

- check valve = ID 

- accurnul^tor 

diameter = 3D 
height ^ 18" 

. . . * ' . w ' . 

Surnmari2:e by asking trainees to 
size all components in the 
following situations: 



ERIC 



These are "rules of thumb 
riot necessarily precise 
iridicatdrs. 
i 



1) tablet D = 3" 

2) formula: D = 3. 16" 
Sinc^ pipe Is in basic 
sizes, D 3". 



<5f 
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PROCEDURES 



NOTES 



16. - continued 



17, 



Given: 4 garden oeds, each 
1 . 5m X 12m. Need 5cm water 
twice a week. Ram site is 
40m below. Q unlimited, maximum 
possible H is 6m. 



Participants may work together 
^t • s important to emphasize the 
process of sizing, riot right 
answers drily. Trairier^ should 
circulate, ask arid ariiiwer clari^irig 
questions arid encourage pafticiparits 
tip solve problems on their own. p 
allow 20-30 miri. 



r^i'' Determine size^^aip, 
lation details. 



and instal- 



Given: House^ needs 700 liters 
per day. . It is located 30m abov^ 
stream. , The stream rises Im ' 
every 3dm length. 
Q = lb liter's/min. 



Design system^ size the ram. 



Given: Community of 50 people. 
Each person needs 40 liters/day. 
Ram site 'is 5m^below stream. 
Community storage is 95m belov/ 
stream'. Asize ram and all parts. 

As k"^ for volunteers to present 
solutions. Ask participants to 
verify. or present their alterna- 
tives. 



Selsibrt 6 
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Attachment 6-B 
GLOSSARY OF TERMS FOR SESSION 6 



Atmospheric pressure - the pressure at sea level caused by the 
weight of air; atmospheric pressure = 14.7 psia,- and 0 p^iy 

. ' r. ■ . _ . . 

Force - (delivery to drive head ratibj the ratio of lift to fall. 
The inverse of this ratio tigies.the efficiency of the hydram . 
will determine the percentage of water that the hydram' will 
^ pump. ■ The higher the h:H_ratid^ the lower the hydram 

ef f iciency ( nj . The usual range of the h:H ratio is from 2:1 
to 20:1, but h:H ratios have been measured up to 66:1. 

Hydram^capacity - the maximum ambunt'^df water that a hydram can 
use*'^ .This is determined by the drive pipe size and length, 
the drive/headr and the impulse valve size and des^gri; 

. Impaise valve s troke - the distance the impulse valve travels 
during a cycle. _ ^ .; , : 

' ' . ■ " ■ ■'^ ., 

Impulse valve weight - the total weight or downward force of the 
impulse valve and its springs or weights. 

Kinetic energy - active energy, ^ the mass times the velocity 
squared ^ - 

• = i> mv2 :^ ^ ^ 

Pressure - force applied over a surface measured as^fdrce per unit, 
^ of area such as pounds per squaire inch (psi) (a head df 28" of 
water develops a pressure of 1 psi) dr a pascal (Pa) which is 
equai. to 1 newton per square meter (a head df 1 cm = 98 Pa) 
28" ot^water equals 71.1. cm df wat^r equals 1 psi = 6895 Pa. 

psia - (pour^s per square inch absolute); real pressure 

a^s if the atmospheric pressure is not "p^e^^^j:. Atmpspheric 
pressure at sea level is 14.7 psi> so if .a pressure* gauge 
reads 100 psi (-psig) the absolute pressure is, 114. 7 psia. 
_ - ^ . . 

psig - (pc^Ojnds'per square inch gauge) the pressure that a gauge 
reads, actua^ily the pressure above atmospheric. - , 

Static 'head - a cdlumn df water without motion. The static drive . 
head df a. h^tam can be rrreasured with a pressure gauge but. 
only when the ram is stopped and the .drive, pipe is full df 
water.' , ' _ _ 

Time of cycle - ( t) the time, it tal^s for: a Hydram to cotriplete ori^ 
cycle, such as the time*l:apse beWeen the impulse valve' " \ 

twice . ■ ^ ^ . • .' \ 
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Vfiocity - ^speed usually measured in feet per siecond or mej>er^5 per 
second . _ * . 



W|iter used* - (iS) the amount of water that flows through the drive 
pipe during a' unit, of time (as in gallons per minute or liters 
per second) which -is equal to the Water pumped (q) plus the 



water ^wasted VQ^) . 



The flow rate range of hydrams are as follows: ^ 



Drive pipe 
d iameter 



1 



Flow r a t ^ . 



mm 


in 


U.S. gal/min 


Imperial 


fjal/min 


19 


3/4 


' 0,.8 - 


2 




: 1.7 


25 


^1 


1.5 - 


4 


r.'3 ■- ■ 


' 3.3 


32 




1.5 


7 


1.3 -. 


- 5.8 . q 


38 


1^ 


2.5- 


13 


2.0 - 




50 


2 


6.0 - 


20 


5.0 - 


17.0 


63 




id.o - 


45 Y 


8.0 - 


38.0 


7 5 


3 • 


'i:5.0 - 


50 


13.0 - 


4^.0 ■ 


100 


4 


30. 0 - 


12 5 , 


25.0 - 


id4. b 


125 


5 , 


4 0.0 -r 


150 ' 


* 3 3.0 - 


125.0 



iiters/miri 



2.8 - 

5„-7 - 

■ 5.7 - 

9.4 - 
23.0 

38.0 - 

5 7.-0 - 

113.0 - 
151.0 



7.6 
15.0 
26.0 
49.0 
76.0 
170. 0 
185.0 
473. 0 
56 7f 0- 



I 



1 
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A t c a c hme n t — 63^- continued 



Sessipri'- 5 



Determining Dri,ve Pipe Lengthy L: 

1, • Consider drive head , H • ' 

L:H ratio - drive pipe length to head ratio., whehH.vs less than 
15 ft. (4.5m) L:H shbuld equal 6.- 

^\i^x\ H is g?eater than 15 ft (4.5ni), But Tes's thar^ 25' (3m) 
• : • L:H should equal. 4. ^ ' 
When H is greater than 28^^f t . , ( 8m) , but l,es.s than 50 ' (l6m) 

L:H should etj^jaTl. . . 

When. H is greater than 50* f t . (16m) L:H ratio sh'buld equal, '2< 

-> ' / ^ , ' c 

Cbrisidfc;i- dry^ pi^e diamet^p, D 

L:U r'atii^;- dr Lye pige length _to diameter ratio, should bekept 
- F." btet^een 150 antl lOSt). ' ^ ' . 



A 



uie of thumb: maxirtium rinimb^r of pipe lengths = 4D ' 
(based ^ori IShart 'beloW, "and 'ZiSJf pipe length) 
Optimal number of pipe lenghts = 2D 



D 



.3/4" 

1 v 
•iV" 

2 . 



— ' — r r-; 

6.25 
' 9.3 ' 

12.5 

15.6 
^8.6 

25.0 



L.'^: 5 OOP 

; 20i'8 
31.25 
41.6 

'52.0 
62. 5* 

"83.2 



L = lOOQD " , m.ol pipes 



-.6 
62 . 5 
83.2 
104.0 
125.^ 
166.4 



2 
3 
4 
5 
6 
8 



I MPOR;TANT NJMBERS TU" REMEMBER ■ : . ^ . 

i 440 mi nuCtJS in a day, \ ^ 

,433 psi per foot (measared verCtc'aiiy) of water ^cuiuinn 
28 Inches of a water column produces i psi 
14,7 psi' atmospheric pressure;. 

7 .-48 gallons per cubic f6ot • 



if 



m\ 2-B HYDRi iNSjAtUTiON 




D 
H 
L 
Q 
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Di-aiTieter of Drive Pipe'- ' dj^ iifeer Delivery' Pipe. 
Head of ^Drive -Pipe ■H'=%ad of 'Deliver! P 
Length of Drive Pipe 1-= Length of tiie D^liye?^ , , 
Quantity of Water Entering q'= Quantity of Watet Delivered, ' 
;Hydrani ' ; i = /efficiency _ t , '' , , . ■ 

Quantity of Nater Wasted S =',terigt^i 'of the Itiipljlse Valve StrdRe ♦ 
from Inipirlse Valve , ,F = Frequency of'thQ Impulse Valve Stroke 
■ ' • ' W Weight of the l|jpulse ^Valve , . 



SESSION 7; 



BASIC PLUMBING TOOLS AND MATERIALS 



OBJEGTIVES: By the end of this sassibri trairi^s wiii ha>ie 



OVERVIEW; 





1-1^ hblirs 



learned and demons tir a ted basic piumdirig 
ski ii^- necessary fo\^ "cons true ting arid 
installing a Hydrarri, 

_ _ ^ ^ 
the .session should f ami liarize partic^parits witrh 
aii commonly used plumbing tools _and pipe ' 
fittings, although project-specific skill 
requirements may vary with the type of hydram 
construction foreseen and the availability of to'ols' 
at the worksites. Participarits leai'ri: 

- to identify tools^rid fictirigs (irtcluding 

Host country language' riaraes , where possible); 

to use the tools properly arid cbmpeteritly; and 



to explain and^ dembrisQrate safety prebautidris 
necessary in <lifee bi plumbirig tbol's , espcialLy 
torches and pbwer 



tbbls wheri used: 



MATERIALS : b Pipe joint cbmpburid or TFE tape 

_ ' . . _ _ ' .' . •* 
p Gut ting bi 1. arid rag 

o Miscellariebus pipe fittings arid pipe, galvanizj^d 
^ and PVC 



TOOLS: 



b PVC clearier arid glue ^ ^ 

o Handbut ^A ""^ " 

Pipe visiBi twb pipe wrenches, chain wrench , v 
pipe threader,' spud or monkey wrench , etc ^ (the 
quantities may increase depending upon the number* 
af trainees but basically aii the tools needed, : _' 
ior all the exerci ses shouid be present and. ^ 
discussed), pipecutter or hacksaw. ' 



EKLC 
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PReeEDURES 



pipe jdint 



SCaee the objective of this session 
and explain t lat the .sfciiis the ^ 
trainees are expected to deveiop ar^ 
necessary for hydram ins tai Tactions 

Show the fittings one at a time. to 
ai^ the trainees explaining their 
parpose and nomehciature . 

Demonstrate th^,vUse of 
compound or TFE^ tape . 

Demonstrate the use of ail the tools 
and any necessary safety precautions, 

Set up«^ 2 or 3 wdrk^at io^lsi one with 
pipefittirigs laid dufc apd labeled, 
another with a threader^and cutting 
and/or joinirig station, f "Kave one 
trainer at each station and the 
part iciparits revolving to each 
station. Allow the trainees to^ 
practice Using all the tools unti 1 
they arid the instructor are confi- 
dent with their ability to property 
use them. 



NOTES 



Be certain to mentibn that 
bri a IxlxV tee, the 
dim,ehsibri refers tb the arm 
bf the tee. 

It is important to .stress that 
their purpd's'e is three— fold; 
I'Sj^al, tb facilitate easier 
LtdPpllatioil^ and to^ facil^it^te^ 
eiBier rembval . ^ "^ ' 



if at ail possible, Actual :^ 
fittings and top^l:^ i^hpuid be 
demonstrated and prac t iced- on . 
Attachment 7 A can be used to 
describe the fittings If 0tck 
of time ot facilities prevent 
'.'hands-on" practice. The 
handout is more useful as ol 
learning reinforcement and- as 
an. aid for the trainees to 
use in de'scr itrLng and acquiring 
fittings at a p 1 umb ing' 'supply 
hous^ . 

_ a _ 

I^ames of materials a^id tcfels 
may be different* from what ^ 
is used in t.he U.S. It is^-''^ 
impprtaht to f^nd but what ^ 
each are called arid call " . 
them by the Ibcal riartie; 




ERIC 



o - 1. 



4 
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ATTACHMENT 7 A- 
PIPE FITTINGS 



BASie PtUMBiNf 




PtbG 




REDUEING BUSHING 




CAP 




UNION 




90' STREET EtB8W 




9D*' ELBDW 




45* STREET ELBOW, 




45* ELBOW 



COUPLING 





BELL R^CER 




'CROSf 




tXTENSION PIECE FLOOR FL«NGE 



■ V: r 



REDUCING TE£ 
. (AxB^C): 




ERIC 
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SESSION 8- 



©fijEGtlVE; 



it' 



HYDRftM CONSTRUCTION 



PIPE' PITT-ING^ r 



> 



T i me: ^ 'fe - 6 hdUrs 





To build S hycJram out of plumbing t^^ts, with 
mbdif iedv4ahd/c)r fabricated valves. ' \ 

the ^opportunity. for 



This s^essioh- prbyidl 
, part^dparits to build two 'i.yariations ^of .t pipe^T*. 
* fittlTig. hydra^o. \-The first,.Jtenqdif ied^ pip?-:; ^ 
.Jitving hydram, "i^ made exc«J|5.v.e^^^^ 
usually f ound in a plumbing -supply Jtiouse, with^^ / 
minor modifications to the check and^ foot] impuise) 
valvei The: second hydram is, made from pipe • ^- / V 
fittings r with valves coristructed by traineffes^usi 
Simple, steei, f ab£Sjit:ation . The f inished h^drams are \^ 
installed: oti a tekj: ^^nd ox other water source >nd • 
set in. bpera-|:idn- ' ' ^ - ^ a 



MATERIALS NpiDED FOR MODIFIED - PIPE-EI TTING HY DRAM 



' Handouts' 8A, 8B>^^ 



c 



J 



*4 1" nipples ^ 
1 1" tee - ^ 
*d .1"X 

lji2"x 1" *-educ>ing bushirjg' 
1 3"x 1'^ iedijfeing bushing 



■k 



1 2", foot va 




" sheck.iv'a. 
1 *1/Sr gas cock 




with^ tapped holep 



1 "L" Sb^ sweep 



1 1^" -^^nion V 

1 ^ union _ . - . 

2 nippies f- 

•j _ _ - 
± h" g^e valve 

i 3" .female adapter 




i 3 



metal pip 



pipe joint cbmpbuhd or 
TFE tape 



TOO LS NEEDED 

two-' pipe w 




ED PIPg-FITTjNG H^D' 
el/ iwo phir pliers^ 
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ftlATERiaf ,S NEEP ED^^ PIP'E-^Fi-TTING HYDRAM 

\ 30" 3/8-16 al thread 



. . " ^ — ^ ^ V 

5?- Pip^ joint compound or TFfe tape 

,13" cap ■ - . • 

.^^ . ^ 3" 'tees . 

> - ... 

?J3' P'x 4" reducing bushings . 



1 3v"x ^" reducing bus 



18" hippie 



4 3/8-16 nuts " ' ; 
1 ^-2dxl" BMt '(drill's^ out) 
1 ^-20 X 3/ 4" holX^ f^^-l * 
1 ^=20 X 4" klthread 
;i .2h" OD washer 



1 %".X' rtij, 

I" 9QO sweep" 

* '^^ e^x 8 "x 
, ^"x g^'itc "ij" 



3' J"; 



3';^: l"x 1/8'V angie^^ropL ^ ■ -. 
' "^V T0dL3 NEBBEB F:M ^felCftTED PIPe-FIl-TI^ HYDRAM. . 




W OD washer 

~l 4. %--20 huts ; 
• I' 3/4^ pD washer 



5 8-32 X 






two pipe:*irrenches/ ^(^, 

If 

electric or han^ di^i 



'drill bits (3-/8, 1-3/64) an^' l/€^ 

* * ^ — _ ^^^^ 

2" hole saw 

^^20 and 8-32 taps.' 
screwdriv^ ^ ^^W^ '.a 

acpess •di^'rli^alwdrk shbp\'' 

"charging" :era-inea^ f oj^part s 
*t:b^gt:ermihe on site cost.M^ ^ ^ | 

^ ;^^^Sifcist pare§, pxi|§-li^t .?S^ask 
^^li^^"™^ they're cjir\BtruSl^pc{g. ^ 






a 6' 



J ■ 
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PRQeEb&RES 



1; the obgective of thih sessioni 

2. Distribute Handouts .8A ipndVaB 



scribe l^e .advantf gls ,and d,isad- 
f aJSrieate^S)' 



W 




r 



The^tx^'pipe'-fitting hydras : 
-^P^uiffe similar. If it. i§ ^ 
^keiy that* tnaljieifes will be ~^ 
■ i) '"^nitructiiS[g Htiydram^ ?rbi^ - 
pidmbirag parts .J.n their 
have tile group build both types if cericxet^ 
planned for the proje,cts, trainers may chbd^i " 
mgdi f ied ya lye ram requires, considerably 
f^i:ic0p^g valves may be heipful for 



" projScts^ it 
or manufactuV-e 
to introduce 
less time, bu 

trainees building anconcrece ram.* 

y, % ^ ^ . t c ^ 

Some aHvantages and dis-^dvan-O^ges of each hydram a^e : 



CO 

< 



_J 

*one hour .p^nstg'c^pn time 
efficient o|s^i%Qibri 



.FABRieA^TED 



f^'lj* ineap|Ls:^v^ 
easy to seJyice/rep 



^^^^ 3 hours consrru 



^eJJ icient opierat ion 
inexpens^ ' 

impulse valve e^Siljy' remoyed 



CO 

< 




V^aivejB^-ast apprdx 1 



valves nay bf^-hard tb^^" 



c/3 maximjin: r^actzcc^l size 

31 ._; ; ^^t" 

. ^. fittings difHlcult 

when rusted (especial- 
' _jt larger sizes) ^ 






re^uixes ability to dri±J";and 
tap* sheet! jnetal ' 4>'^ 



pium practical size 

vaj^ difficult to 
remove when rusted 



* ^^^^0^ the trainees /±ntb groups 

ctf^^o or three to w<irk on .designs & 
res^SS'^fi- li t ies . \ . . u 

5 . . Asl^the_ grgups ctT^Sb;^^ 

using the follbwing sequence:' 



Jry tb maap sura^ th^at the 
skill levels of %ajs^ group 
ate rbughfy ^-^^^*%ij . ' 
-If ybli wishp have eaeV* group 
mild a*j(3if f ereht si 




M.16W 45 hiinj|^^ 




.if;^- P-RQCEDURES - continued ^ 
/ {FbR;MbDIFIED PIPE-FITTING HYDRAM) 



5^ A. remove the spr^il^g frdm both, the 
loot v:aive and the check valve; 

i B .f /^^dd washers- in the foot . valve 
for .bot:h ^)ie weight arid stroke 
ad justinent; 



' C- assemble all th^ fittings as 
%: I shown- in Handout -A using either 
^; pipe, joint ^compound of TFE tape. 

6. Hav^;each grotip"* .inatall^heir hydrant 
on* fhe test stantl ,or^ aridthf r 
source' of water 'fl^ 'stkrt the Kydram 
working.'. . , 

l^^^±^OMss th^)i^^%pricab^^ pf the 

^ modified pipe-f ittirfgLlhydram. 




NOTES 



See Handout 8a» detail A 



Discussion should Include skills 
of coTTimurilt^/ava liability of 
materials^ ftnariclal resources * 



available . 



V* 



Session g 



- continued 



NOTES'. 



(FOR- FABRICATED PIPE-FITTING -HjrDRAM) 
6. Impu l se Valve - ' 



1, 



A. ^ SancJ , grii 
3" tee (#_3j 
surface . 



oi"^ile; the aim of a 
until ^it has a smooth 




B. B^d two pieces of I'^/^Q x 15" 
althread ( #27). around the body 
' of the tee ;so that the 4 ends 
extqp^ l"^,^^ve jbhe arm. 

Drill a 2," hole in the cen^&^bf 
a 6"x 6" piece of steel (#14fv 
^en^ drill ^8" holes in tlie 
)rners_ of the steel where the 
.thread goes ttS;ro ugh /(appjrox-.. " 
4J|" apart) *^^ 9e •certain to san^l- 
^ooth and^'ound of £^ al*;^. edges.^ . 
ariii, and^/tap two 8-32 hqief in. 
platf^' fs-shbwri in'Handout^SS^ de- 
-traii^H" #14v and attach, the -strblce 

ad ju^^tment: -bracket (#22). ^ 

■ « f-'- 

O'Ut a piece of rubb^ir ' (^#15,),^ 
:h' the same' outride dijnerisioh 
^ and hoie P^ttegijteg' the Steel 
,^piat^-^but wi^^5»-'^drseshoe- *' 
^*ih^ped hoi&*-i^ 

^showQ-ilirHanda^jt • (#15) 

:he impulse valve ^s 
[andout 9B, Detail A. 



e/ithread on one end <5f a 
^fP (#7) to extend thringh 
rjaiFUe^ing bushing .(44) . 
nd /tap a ^^-gQ .iioie ^ar the 



the building of al" Hydrarh 
If you wish, have eaqh grbug^ 
build a hydram bf a diffei^gnt 
size. Alfoiw 3-4 hou.j;si''^^i! 
'construction , orggt 
parts ahead^ of time 
constraints m^*?" ^x^> ire. ^ 
tE^ trainer-^afe "impulse ^ 
>??^|^e plates g5^rteut, apd 
cut sheef* rubber inttj^correct 




size squares 



3 






e:'fee^ed ghd 
assemble/th 
- Hahdpj^rt: /^^ , 
^;^;t- air ho'li ca 
''\ ^by the ibcJc 



swee^ and ^ 
^as shown in 



t the 
uncovered 
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PROGEDURES 



8. Ghetfk Valv 



A. 



fjirill .and tap two l>^ies in th^ 
bottom and ohe in the side_o^ 
1x1" reducing bushing for 
8-32 icrews as_ shown in the 
Handout, detail B. 





B. 



9. 



10, 



Gut out a piece of rubber (#20 J 
for the check valve/ bolt 
washers to the rubbe^_ahd screw 
' tHe valve to theJ 1 3" reducincf 
bush-ihig. - p 

C.^ Drill ^^'knd tap;'a. hble'^in the 
. X. bottom of trhe bushing^^ ©^pposite 
_ t^J^ 2* previotisly drilled^ holes. 
r'^^\whena &^ 32 1> screw is ih3er^;ed 
:^He head will over liap the v check 
v^lve , creating -aii^ adjustable 
stj-dke. (S^e Detail^B)' ; - 
\. , " - .. ■ >. 

ody t j^f the Ram 

A-l^taoh Jkll theYrittings as shown ^ 
ifi^^il^dGmt 8B, 'using e^lther , pipe ^ 
jpiiit compound or^ TFE tape. • 

V Ha ve . ■ e ach -'^r oup ijn s t a 1 1. , the i ri>^ ^ 

^^dram OiT/r&\e tes^ stand or SfiSther 
sotirc« o'^ w^feer and start tSe * 




iram -i^^orlii^ig. 




11. -^Discuss 

fabricat 

s 




The hole in the side she 
be located so that tJbC^X ^-.;^, 
^crewhea'd will fee l^^lg'l^Ux^t^' V 
the check valve, rli^bber.^ '--i' 




>4m 




i'scassion shotiid include skills 
^awxi^ie in Qominiinity ^ availability 
niatey-iais, finarS^ial resources. 
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WAL\/ES. 



^ 



f 





1. 1» 

2. "3" P^D Pipe (clear) 

3. lVxr'xH''Jee 

n. 2''xV* fiedocirig Bushing 

5. 3"xl": RfChii^in Bushing 

6. 1" mf^SweeiP , 

7. 1" Un&n ., 

9. H'' Nipple ; / . > 
id. ^" Valvg 

12. 1" Check Valv/e with taped 

13. ^" Plug _ 

14. 1/8" Gas Cock " 
. J\ssorted Washers 

isT^y^MQ Female Adapter 
17. j -3" PVC Cap 



holes 




• ■ , -75- 

■' vATTACHMENIT gfi ''^^^ FITTING HYDRAM WiTH FiEbD-MADE VALUES* 




______ 

,i.*3"^cap 
2* 3"f ISfVni, 
3* 3"_ t 



^- 19. 3,^4". washer. 



^20 nut/ 

11. ^£-20x4" piece Of althread' ^< 20. chect< f§l\/e Rubber 

'pr b(J>^u/itPf i/8" hole in Itf 21* 8-.32x3/4'' -«crews " 

•12^ 2%" diametei} ©a^her ^ ' , V 22. stroke -ad^stment ^ ^ 

5./-l''l^''-'/fibuc^ihg bushing."'*'' r3. 1%" o> sm^ier mashers. JtL, bracket " ^ 

J. 1^' ^fl-'^pp ' -^J^- ^-2ax3B^boIt 

^'-W^^^^^^M^^^mW ^^^^^^^^ ■ • f-^. l^-'waSher y- 

7 if.>V2QV^" bAf • 'U ^ 'v^V.^^-l/e-lB nyts 
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^ M^tTERIALS NEEDED FOR FABRICATED PIPE-FITTING' HYDRAM 



Handoufefi,.,.9-B, 1 

IS joint cditippund o^^j|;E tape 



i / 



1 3" cap V m t 

2 3 'v tees 

3 3'Vx 1" reducing' bushings 

» - - - - _____ _ J __ _ 

1 3"^5^ redifcing bushing 

1 3"x '18" nipple 
-aif-*$"x 4" nipple 
■1 i" 90° sweep • ,. 
.6"x^8."x sheet rubl?eV / ■ 

6"x 6''x"js".'Steei'^i^ite ' . 

3"x i'^si i/§'V angle- iron ' " 



.30" 3/^-1^ ajthir^a^ • 
4 3/8-16' huts , 
1 Js-20xl" bolt (drilled Out) 
1 Js-20 X 3/4" bolt 
1 '3-20 x> 4" althread 
1 ^^5" OD washef: / 
'e 1^5"" 6d w'dstftir- , 
4 Jjy^O nufis 

1 3/4" Od' 
^ e-32 X ^4'!^ screws 

2 8-3*2 X 3/4" '^Its 




TOOLS NEEDED^ fO^ FABRICA'T^E5^ EIPE-FITTING HYD RAM ' 




J- 



two pipe w, 
electric o 
driii •bits- {#Z8r 13/64, and i/gV 
2"^bie saw / . 



1^ . . ^ ^ V-'20 and 8-;^ 2 taps 



knife / ^ 

. f ia-^^^|.^ half :^^nd file., 
hac^ 5aw . ^ i' . ^ 

3^" pipe threader f ^ 

tape: measure 



J 



sc 



ver 



c^^^^.^cce^s to ' rne tal-wdrki 




adjustable wif^tlch 



sandpaper 



14- 




i 



' .jr. a...' 'vr.r ^ 
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PROCEDURES -.continued 



^ FABRI CATE0.: PIPE-FI TrtN^ HYJ 



HYDRAM) 



A 



NOTES 



Impulse Valve 
A 



Sand, grind or = f xle^ ' tti45'. Jiim of a 
3" tee (#3) until it has*, a smooth 
surface . 

Bend tWQ pieces of 3/8 x 15"> 
althfead •( #27). around 't^he body, 
of the tee ;SO that the ends 

extend 1"„ above the aritt. 

....■* ■ .p 

Drill a 2" hjole in the center of 
a 6"x 6"T^iece of steel ^ 



then drill,: 3>r^|^bies in t'Ke 



oorrsjBr^ dt' the si^el /whete the 
al thread goes thfougfe^^ 
4i$/;^aparto) . _Be certfa-iii to sand 
sSooth and round off' all ec^es. 



J' 



Drill, ancj tap two 8-32 
plate as shdwn^i^ Han^\^^;9&^. de- 
c^ii aftd aUtai^^^^ 

, i adjugJ:me# b 

''■'^'^^^^^■^ ■ - ^ ^ 
w. ^eut^S^^iJ^^^^^ 

- with_,tl^ ' Sj^tin 
^ ' and^hdii^ pattern ^ as 

^ plate b^t with a ' hor^JgshS^ 
/ • shaped 'fijbi^ !in. tfte middle ias 
shown xnrM^v^o^t 9B ( # 15 ) . 




i 



■J. 



Assemble 




the impuis6 ^alY© as If 
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PRQCEDtJRES - contirTued 
8. Check Valve 

/ A. Drill and tap two holes in the 
bottom and one in the side, of "a 
l"x 3" reducing bushing.,, f or 
8-32 screws a$ shown in the ' 
Handout^ Detail B; 

. B. Cut out a ^5iece of ' rubber (#20) 
for the^^check yalve, bc^lt 
washers • -to the iriibber and. screw 
the = valve to' the 1 x 3" redycihg 

- ' bushing, \ . , ' 

e. Drill and tap a hole in the ^ 
bottom^ of the bushing bpjpb si te 
the 2 pr^ibusly drilleel holes . 
When a 8--32_screw i'^ In 
zYxei head will bveriiap the check 
valve, creating an adjustable 
trbke. (See Detail B) ^\ 




' NOTES 



The hole in : the side 
should be located so that - 
tHe 8^32 screwhead* wili"_W 

above the c^eck-S^ 
valve rubiber . 



r 



V 



Bod^ 



_the Ram 



Att&eh alt the lit^iii.gs^: shown. 
in\andout 9B , using 'eit^^ 'pipe^^ 
Joint compund or TFfejtape. . ^ * 

. H^ve each grbup; install .their 

hydram oh the i^st stan^^ or another 
^ i^sourfce of water ahiS-stqirt, the 
■ J\hyd^jn wor^kin(3'. : ^ , - 

11. ' Di'scuss the appifcability of .jhe 

fabricated p:^e-f itting. hydrafn. V 



10 
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IGN THEORY AND 



PARAMETERS ' Time : 2 hours 



OJfiEeTiVES: 



to examine the basic design /guide.lines for hydrams;* 



to 
an* 



y the guidelines to pipef it£ing, welded 
ape concrete rams ' ' / 



_ i___ - 

This* feess^bp is included here> as an dptidil/ 

-primarily for use in Ideations where welded hydram's 

can be used.. The purpose _is; td provide the J:>asic 

Pj^ramete^rs for designing fabricated v^lyi^S, seat widths, 

and backijig plates fdr valves. At this ' time / the sizes f^.i 

to be used will be taken frdm the concrete design theory, , 

which _will_ be softiewhat oversized for ,Kietal. In time, 

specific charts may be* devieloped fdl^, welded steel." 



PREPARATION Trainei^ will have ^made a decision about the type 
NOTES:^' r-^ of con^Jructidris to be included in thi's trainiiig . v 
t ■ " workshd^'V If' a We'Ided ram is 'to be constructed, 

i/e, /" if 'It- has beerl decided* that, the expertise is'; 
. ^ _a^vai_labl§i ' thg^welded ram parts, should be completed 

^ by this jtime.* tt is " not the'^urpose qf this workshop 
•fto teach wejlding. skil>ls. - • ' 

■ • . At least one hydram. . con gferjpuct i€)n i must be corapiete<^ 



T^RIALS ; 



at this; point." so that m^slll'.e: 
be taken . . \ , ^ 




of seats can 



Handouts lOB - IQF 

Previously constructed yams -_ 

Chalkboard/chalk; f lipcharts/markers- 
Welded.ram design J Att::'achment 9A 



-^jfi ' 




■ & 




,7 
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PROCEDURES 

1. IiiLrddUce sessicm by recal l iilg any 
prbbiems pairtfic ipants may have had 
with pipefiLting ram dperation. Ask 
tiraifiees to share any possible causes 

^ df these prdblertis , and what itiight 
be ddne to avoid them. 

2. ExpLain that the rams constructed , to 
date can be used in a range of sitta- 
ations, and that the purpase of this 
acptivity i^s to look at the . maxirrftim 
h:H ratios for the rams, based dir 
their construction, and the generat 
sizing guidelines for rams* 

3. Have trainees, in groups , 'measure the 
folfowing parts of the constrtjpted 
arams : . . 

a) ' D, impulse valve ^op^ening, impulse 

valve plate thickness, rubber 
thickness, backing plate thick- 
ness, and seat width; 

b) check valve diameter, backing.- 
thicknes%, seat width'. ^ . . 



Generally, valves are 
not seating quite right 
or are too smal 1 \ 



i3ist^tbute handouts 10fi-F. Ask 
partictpahts tS determine optimal 
range of h and H the measure- 

ments they^ve take^n.. Ask if there 
are' ^riy irregularities in the pro- 
portions of the drive pipe diameter, 
impulse valve opening, etc.,. from / 
design guidelines presented in 
Session 5 , _and how that might 
affect performance. 

Present design of welded steel f artis , 
usjng same design parameters and 
si3.ing charts. Alldw trainees to 
exami ne cdmpdnen t s prior td f ina 1 
we Iding ^ and check s iz^s. 

In smal\ groups, design a welded ram 
fdr one participant's *site; Allow 
1-1^ hours for the design, present 
and critiquer 



Walk through the use^ 

of each i^hart, for each part. 



EKLC 
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if 



8 

12 
16 



THICKNESS OF 


ATTACHMENT 
THE IMPULSE 


iO B 
VAbVE PtAIi 




r c * 




w 


DRIVE _HEAD 
20 


IN FEET 
30 




3JJ — 




1/n 


3/8 




4/9 


/ S /p ' 




l/n 


3/8 


7/16 


4/9 

J-/ ^ 


S/fl 

{ 




5/16 


3/B 


1/2 


/ 

9/16 


"5/8 




3/16 


7/16, 


1/2 


9/4^ 


5/d 




5/16 


7/16 


1/9 
J./ Z 


7/ ±6 


5/8 




3/G 


1/2 




5/b 


ii/i^ 




3/8 . 


■ 1/2 


9/16 


5/B V 
* 


11/16 




7/16 


"ir2 


5/8 


11/16 


3/4 




' 1/2 


5/8 


ll/(k6 


3/4 . 


13/16 




• 1/2 ^' 


- .5/8. ' 


.3/4 


13/16 


7/8 



\ JmPLIl.*S£., 
<-V/?iV£ OPEHfi^S- 




* These fiqures also apply to accumulatbr pilate thickness. 



ERIC 



-82- ■ 

ATTACHMENT 



Session J> 



THICKNESS QF THE^fi^i>LIL-SE. VALVE PLATE IN MILLIMETERS' 



DRIVE HEAD IN METERS 







!) 


0 


: .9 


- \2 . 


15 


ex 






i hi 
1 U 




1 3 


15 


LU 


50 
60 




,10 
10 


i I 

13 


14 


i 0 

:;■ 15 




* 75 




11 


13- ■ - 


15 


15 




1 uu 






1 3 

■ » - 


l4.- 


16 


o 


125 


9.5 


13 




16 ' 


■ 18 




150 


10 


13 




'16 






200 


11 


■ 13 


1 

16 • ■ 


18 . 


19 




3D0 

i 


13 


16 




^1^ 


21 




40G I 


13 


16' 


1.5 


21 . 


22 



^>'tv'£ OPENING- — 



THICKN£S3_ 
Of IMPUUSE 



RUBE>Efl 




These figares also apply to accomaiator pJate thickness. 
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DRI VE HEAD iN FEET 




mptfhSE 

VAl\f£ FLflTB 
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/ID- 


2D 


3Q» 


40 


50 






1.5 


/ 1/8 , 


1/0 


1/B . 


3/16 


, 3/16 






2 


i 1/8 


3/1 S 


: 3/16 


3/16 


1/4: 


- 






N / 3/16 

j 


3/16 


m 


1/4 


1/4 






3 


3/16 


1/5 


5/16 


5/16 


5/16 








m 










^ UJ 


4 i- 


5/16 


3/8 


7/16' 


7/1(6 






5 


-5/16 


7/16 


1/2 ' 


1/2 


9/-i6 






6 


3/8 


i/2 


9/16 


5/8 


11/16 






8 


1/2 

/ 




3/4 


13/16 


7/8 






12 


13/16 


1 


1 i/8 


1 1/4 


1 5/16 






16 


1 1/16 


1 5/16 


i i/2 


1 11/16 


1 13/16- 




RUBBEft 



100 V < 



i 









ATTACHMDif 












iWPUtSt-mjJl 














BRiVE HEAD 


IN METERS 










3 


6. 


9 




I D 




40 


3 


3 


3 


5 






SO 


'2 


5 


5 




■ 6 




60 


i ■ 5 


c 


5 - 




6 




'7^ 


1 5 


6 


8 


8. 


8 




100 




8 


10 


11 


11 


o 


125 


8 


11 


13 


13 


14 


*^ 


1^0 


10 


13 


14 


16 


18 


L-'" 


200 ■ 

! 


13 


18 


1"9 


21 


22 




30G 


2% 


25 , 


29 


32 


' 34 




i 

4G0 i 


27 . 


33 


38 


43 


45 
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i 
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ATTACHMENT inn : , 
IMPULSE m^^E^TL^^DTH Ifi INCHES 



DRIVE HEAD IN FEE 



3 ' ' 









in 


15 




25 


3Q 




/in 

•4U 


A C 


5d 


I.- 


3A 


i/n 


3/16 




5/16 


3/6 


7 /I K 


I/O 


9/16 


3/8 






1 ' 


3/16 


5/16 


3/8 


7/16 






/a 


A A /TV 

11/16 


3/4 




UJ 




1/^ 


3/8 


7/16 


9/16 


5/8 




13/16 


14/16 


1 






IH 


5/16 


7/16 


9/16 


11/16 


3/4 


'7/8 


1 


1 1/16 


i '3/16 


• 




2 


3/B 


9/16 ' 


?/4 


. 7/8 


1 


i 3/16 


1 5/16 


1 7/16 


i 9/16 




or 

UJ 


2'i 


1/2 • 


li/16 


15/16 


1 1/8 


1 5/16 


1 7/16 


1 5/8 


1 13/16 


.1 15/16' 






3 


^ 5/G . 


7/8 • * 


i i/B • : 


1. 5/16 


'l 9/16 


1 3/4 


1 15/16 


2 3/16 


2 5/16 




a. 




,l3/i6 


1 1/8 


1 7/16^ 


i 3/4 


2 1/16 


2 3/8 


.2 5/8 


2 7/8 


3 1/8 






6 


1 3/16 


1 n/16 


2 '3/1 6 


2 5/8 c- 


i 1/8 


3 1/2 


3' 15/16 


* 

4 5/16 


4 li/16 




a:: 


8. 


i 11/16 


2 i/n 


2 15/16 


3 9/16 


4 1/8 


4 11/16 


5 1/4 


5 3/4 


6 1/4 



i 




OF. IMPULSE 
Wii V£. FtNTB 

o 
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ATTACHMENT^ 
MMPULSE VAbVLJS£AJ^WIDTH IN "rILLIHETERS 

DRIVE HEAD- IN Me'tERS . ' 
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J 


475 


6 • 


,7.3 


9 


10.5 


1.2 


13.5 


15 


20 


' 3 ^ 


5 


. ' 6 . 


8 




11. 


13 


14 


16 


■ ^ 25 

LO > 


5 * 


8 


id 


■ 11 


. 13 


14 : 


16 - 


18 


" 19 




2^ 30 
^ AO 


6 
8 

> 


10 
11 


ii 

14^ 


14 
18 


^ . 16 
19 


19 
22 


21 
' 25 


22 
27 


• 25 
30 


— 50 

a: 


10 


1 4 


A Q 


22 


25 


30 


33 


36 


39 


60 

UJ 

i " 


13 , 

16 


18 

22 


■ 24 ' 

29 


:29 .• 
33 


33 

39 * 


36 - 
44 


41. ^ 
49 


; '46 ' 
55 » 


'49 
58 


S 100 

q: _ 




29 


36 


44 


52 


60 


65 


- 72 


79 


Q ISO -f 


43 


43 
55 


■ 55 
.74 


: 66 
89 


79 
104 


89 
119: 


100 
130 


109 
146 


419" 
158 



]M_PVISB__ 
Wit VE FLHTE 
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HETRie - Session 

ATTACHMENT ' , , ; 

EHEek VAbVE SEAT WIDTR IN HILLIHETERS 
; DELIVERY He'aD I'N METERS 





7.5 


15 


23 


3D 


38 


45 


'53 


60 : 














20 


3 


3 !- 


3 


3- 
> 


- 3 


3 


5. 


5 


2i 


3 


3 


3 


V 3 


3 


5 


6 


6 


30 


3 


. 3 


3 


3 


5 


5 


6 


id 


40 


3 


3 


3 


3 


5 


6 


8 


11 


bO 


3 


' 3 


3 


5 


6 


8 


ii ■ 


14 ■ „ 


50 


3- 


3 


5 


6 


0 


11 


14 


18 


75 


3 


3 


5 


8 


10 


13 


16 


21 


100; 


. 3 


5 . 


6 


10 


. 13 


18 


22 


27 X 


160 




6 


lb 




19 ," 


25 


30 


41 


200 


5 


8 


14 


19 ■ 


25 


33 ■ 


43 


55 . 
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WELDED HYDRAM: SIDE VI 
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WELDED HYDRAM, ACCUMtltATOR: 
EXPtOBED VIEW 



4- 
6_ 
7 



1 1 



^95- 
WELDED HYDRAR 
20' Drive Head 

Size 



Session 9 
HahdouE 9A-5 



Accumulator Top Diametex- 



AccamataCQr^L&p-Thickness 



2 - A c-GUmulatdr Pipe Diameter - 
A Accumtitator Pipe Length 

^ — Sockfl 



Accumaiator^Ba^- Ring Thickness 
^<:cumulat:or Base Out slde-^ impr,PT- 



1%^' Gheck Uc 



Stroke Limiter boLtis^ 



Check Valve 2'' boi t ^dl^metey 

Check Va^l 



>kirig Plate Thicicne^ 



^ should be larger than hole by: 

9 Stroke Limiter Metal strip 



;^imiter Rubber Strip 



n 



ZD 



i 



/2. 



ye 



22 



to % thick Rabber ..x^ Varve same a s the ^S^a^ng plate and 



Check va^ 



1 ^ Check valve nut 



Con^ecEtn^ p ipe in side Diameter 

-Cg^ectiri^ pipe length 

4'^ Impulse Valve Bolt 



-^Ba^kihj^ Plare Diameter 



Backing Plate Thickness 



Us. 



^ Thick Rubb er w / valve^^am^s the #16 backing plate -& 0:D. ^ h 



i 6 Impulse Plate 0. D. =^^4^— thickness^ 
18 
19 
20 



impuls e Plate I .D. 



Impulse Valve Washer Qu^^^^e Diam. 

I mpui^e^ 



nut 



hock n u L 



:23 - 2'>x2^'x^'> angle iron 1 i mi te^ Bra eke t 
2^4 L ength f mpuXs^-J^ante Bolts 

Stroke limiting adjustment 

2 6 No, oT Ac c umoj-latox^-Bo Its 



2^ — ^D4-ameter of Accumulator Bolts 




0 
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HandouC 



Length of AccumuiaCor Bolts 



Accumulator Base Plate Di^ma^ e r 



- Accumula tor Baa^^^te fh ickn^.^.^ 

28 Hydra^i-^se (same as #271 

Impulse Valve Ga^^zj^^- Inside Pi 



Impul se Va lve Cavity Het ;^ht 
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» u i-' r J-.V e n c d Q 






















i 
















1 


Accumulator Top fiiameter 




7 






r ^ 




JO' 

Mi- 




4 


Accuriiul a C or Ton Thirknp*^^ 
















2 

? 


Accumula Eor Pi pe Ulame Cer ' 


3 


f 






1 / 


f cy 






— Ac^urnuia CdrPipeLengCh ' ^ 






ZO 

— t- w 














Deiivfery Socket _ . 








1 ^ 










A 

j-r 


— c urriu I a C d r . Base Rinp Thirl<nR<;Q 


Vz- 


— ''^ 1 












I— 


4 


Accumulator ritTrQiHi^ Hra i rhc> r c>-^ 


<? 

o ■ 


/ 




! - - 
i 


/ CP 








(S 


J^k_"_ Check Valve Stroke I i mi r^-r Kr^l^^c 




17' 














7' 


Check Vaive 2'^ bait diameter 












# 






8 


Check Vaive Backing PiaCe Thickness 


% 








^/ 








8 


- • ' — I — 

Piafe should be larger than hole by: 


















9 


S-troke — L:^mic:-er Metal strip* 


















10 


Stroke Limiter Rubber S^rip 

















it t to ^ t-h^ck Rubber ^ith Vaive same as the #8 barking 


D i a rj? ;ii n d {) \^ ~ 


12 Check valve washer outside diam. 








/ 






0 






13 Check valve nut 












& 






44 ^ Conriec ting pipe inside Diameter 




/ 




jh 




3 








14 Connecting pipe length - ) 




















13 4^' Impuise Valve Bolt ^ 


¥^ 




J ^/g 








/z: 






lb Backing Plate Diameter 


3^ 
















I 6 - da^cking |Hr^t^ ^h.i c kne s s 










. a I e 


m 








17 ^ to ^ Thick Rubbe-r w/ vaive same as tKe #1 


6 ba 


ckin 




& ( 








18 fmpuise Plata— O^D. = 4; thickness^ 










1?- 










18 Impulse Plate I.D. 








S 


n 




19 Impuise Vaive Washer Outside Diam. 


















20 Impulse Valve hut 








:^/^ 






2 1 Rubber Bumper 




112 — i^ock nut 






2 3 2"x2''X'i" angle iron t tmi ter-Bracke t 








^ ! 


2A ^._f^_(^^_^ mm 1 1 n ] a r. p hc^ 1 t s ^ 












24 Diameter 01 L.inuls*' Plate Bolm \^ 










¥ 






24 1 c ni: t h 0 i— I mpu 1 s e- Valve Bolts 
















25 Stroke limicinu adjuseinont DoJl 










2 6 Nnmber of Ae4;uimu4 a t or Bolts 


^] 


il 




26 DiarheLer of Accumulator Bolts 


1^ 
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2 6 


Length di Accurrtuiatbr Bolts 








3r 










il 


Accamuia'cor Base ftaCe Diameter * 


















21 


Accumulator Base Plate Thickness 






% 








3^ 




28 


Hydram Base (same as #27)^ 


















29 


Impulse Valve Cavity^ Inside Diam. 


















2 9 


Impulse Valve iEavity Height- , 


















30 


Socket 

* 


; 








3 








3i 


impulse Valve Ring Thickness 


fl 
















31 


Impulse Valve Ring Diameter 






io 










J* 


32 


1" Support Pipe Length 












/3 




^/ 


33 


4" Diameter Support Base Thickness 






% 












34 


Snirter Bolt v 
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SESSION.lb ; 

Ji'. 

OBJECTIVES : 



OVERVIEW: 




PREPARg^TION 
NOTES FOR 
TRAINER; 



HYDRAM CONSTRUCTION - CONCRETE 



Time : 



1§ hours bveir 
a 7 ciay period 



tQ design' and b.uild a. concrete ram 



• tb_ demonstrate a knowledge of ram component 
rela tibnsjiips ; . ^ 

• to work wifih concrete and f.crms_. ' 

The session, provides participants with ah bpp6rtu]j^ty 
to use the knowledge^ gained earlier in the traihirig 
program to assess ,site potential^ determine ah " 
appropriate hydram size 'and design and then construct 
ah inexpensive, long lasting concrete hydram. 
While building a cbhcrete hydram fiecessitates 
scheduling a lengthy session over at least seven 
days, the advantages of this technology (i.e., low 
cost , excellent longevity, likely availability 
of materials) make -this one. of* the most useful, 
parts of a hydram training program.- 

when possible , the concrete hydram (s) shdurd be 
i>uilt at "a site where it can. be of Use after the 
training prograrn is over. Trainers should there- 
fore gather d^ta about community need, end-uses 
etc . unless extensive time is available for 
trainees to do this . 



Tlie timing of the various construction phases 
will somewhat dependent on the mixture of the 
concrfte and the ambient temperature . In general , 
th ^^uiiding of a concrete hydram will require 

^fCmr segments of :-tif?!fe with a minimum of 2 days 
between segments^ The first phase regui^es 

,/apprOKim^teiy 4 hours f o^^^pf eps 1-9 (planning^ 
-and 4 hours for steps If^^'^ (base form construction 
and the f irst p6ur[ . The second phase should 

occur at least 48 hours later and should take 

about 4 hours jfor steps 26-27 (accumulator form 
construction and 2nd p6ur[ . After another 48 hours 
or so, the concrete should be sufficiently set up 
for s^^eps^ 28-35 (fabrication and attachment of 
valves, boiting the hydram together) . in general, 
tHe hydram should be ready for steps 3 6-38 
(installation and operation) after 2 more days, 
or four days from the last pour. 




Trainer shbuLd check porbsiLy of concfeLc prior Co 
this activity. 

Hand oats fi-F are in metric -and English units. 

Use of slides greatly enhances concrete construction 
preparation session . 
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MATERIALS : 



gravel , sartd,. . cement, water > form lumber , plastic 
pipe, bowl fittings > material for vapor barrier 
some thing, to mix cement in. 

Size ar«i^ quantity of materials is dependent upon 
the hydram to be ^ cons tr^cted . Following is an 
example of a, typical list of materials for a 
1 hydram- i \ ' 

.. .- n - - 4 

1" CONCRETE HYDRAM mTERIALS LIS'^ 

1 l"x 12"x 8' lumber for body* 8' 3/8 aithread 36" 

-form [ _ _ 

1 1 "x 12 "x 8 \ lumber for accumu- 25 3/8 lock washers 

_ __ ta tor f oi^ms 

1 ^"x 7" diameter steel plate 26, 3/8 fiat washers 



13" PVC pipe cap 
1 4" bowl 

1 1 ' X 1 ' X H belting. 

17" diartieter x bpltirig 

1 l"x 2" angle 1" long 

1 rubber stop bumper 

Ik" gas cock 

1 1" PVC pipe 2' long ^ 

1 ^5" nipple IH" long ' 

2 23$" washer with 3/8" hole 
2 1^5" wasfiTer with 3/8'*' hole 
5/16" wing nut 

1 5/16 X 2^" boit 

2 ^ x^s bolt 

3 5/16 nut 

1 3/8 bolt 1" long 
13" PVC pipe 18" long 
Handouts 1 OA- ION 



26 3/8 nuts 

1 1" pipe plug 

1 1" pipe tee 
1 pipe plug 

1 pipe tee 

- ----- .^ 

1 %" pipe plug 

1 h" pipe ; tee 

2pcs- h*' pipe 2" long 

1 1" PVC male adaptor 

1 ^5" PVC pipe 22' long 

11" PVC coupling 

H lb 6d nails 

form oil 

2H gal water 

32 # cement 

1 1/3 cu.ft. gravel 

1 1/6 cu.ft. sand 

shove I s 



ii7 
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PROCEDURES 

Phase Part (Dne ^ 



1. 

2. 



State the objective of thi^ s^essib.n. 

Have the ^trainees^ gather all pertinent 
information concerning the hydram 
installation inci ad ing- dr ivQ head, 
delivery.head, ^low rafee. at source, 
demand, future needs, J&nd potability. 

Describe the concreb^' hydram concept; 
and the design parameters^ involved . ^ 

Review the advantages and 
disadvantages /of this design. 

Walk through design steps, using 
hand<:5uts IgA . Write on board/ 
f lip^hart.-^'s developed. 

Sequence: 

A. Concrete: (handout lOA) 

1. Compute D, 

2. Compute impulse valve^avity 
diameter. 

3. Compute Wall thickness. 

4. Top and bottom thickness. 



B. Size Impulse Val^e Opening (2D) 

Use attachment. lOB to' ^ 
determine thickness of vaive 
plate. , 

Use lOA to determine bolt area 
and number of bolts. 
Use lOC to determine backing 
thickness. 

Use iOD to determine seat 
width. 



i. 

2. 
3. 
4. 



C. Size check valve 

1. Use lOE for backing thickness. 

2. Use 10F to determine seat 
width. i 



iner should plan how 
Co d^isp.lay this \qx\ chalkboard 



Remind ^trainees chat this is 
related to drive head, force. 



Relate this to drive pipe size 
as basis for calcUlat ions . 
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PROCEDURES 



NOTES 



6. 



7. 



8. 



Have the trainees each design a 
hydram/ , using the design paramenters 
listed in Handouts A through I. Have 
the participants solve the problem in 
attachment/Kandout lOM. 

Compare designs and discuss the 
differences. 

Depending on how many hySrams are to 
be made, the trainees should choose 
thj^lj^^t design(s) -and explain why 
^hey havp made their choice. 

Give .an overview of construction-^ 
process and scheduling in the 
workshop: 

Phas^ I ; 

A. Build forms, using pipes, caps, 
form lumber, as in Handout liH-J. 

B. Note where/why sleeves are 
inserted; where # comes from. 

C. Make sure snifter is included. 

D. Mix and pour concrete^ 

E. Protect and let it set up for at 
least 2 days. 

F. Draw patterrT forr impulse Valve 
plate. 

Phase II: ^ 

" • * . 

A. Construction of accumulator form. 

B. Pour accumuiator. 

C. Let it set up. 



Phase III-IV : 

A. Cut check valve, 
install i 



assemble and 



10. Distribate procedures for Phase I. 

Ask trainees to read through. . Clarify 
any questions. 



•11. 



Have the 
and tool 
selected 



tra inees 
list Cor 

/ 



make up a material 
the hydram( ^) 



This may be hard "for trainees 
go vtsaairze. A model would 
Be helpfal; slides are also 
-effective , and may be^procured 
through the Energy Sector, 
Peace Corps . * - : 



/ 



r ■ 
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12. \With all the tools and matisrials 

g^thered> begin construct idrf. 

phase I . Part Two , - i 

13. Start by constructing the hyc^ram base 
form. (See handout lOj)^ 

^ _ _ . _ _■ - 

14. Next/ bend the PVC pipS- and cut to 
proper length and -«ngles. Be sure to _ 
glu^ a coj^pling to the check valve end 
to ^increase ,the ^eat area. 

15. Notch out bottom of plastic bowl to 
fit upon the_PVC pipe: with_ the bowl 
and pipe helc5 together/ mark where, the 
pipe touches the inside of the bowl; 
then/ using coping saw/ cut along this 
line. .Attach male adapter and the 
plugged tee to input end of pipe. The 
pluggqd tee serves to prevent the pipe 
from turning within t"he_ concrete . < 
Welding ♦a piece of metal 'onto the 

^coupling would also work. 

16. Drill holes in the bottom of the form 
for the bolt pattern around the 
impulse ^alve and the accumulator. 

17. Center accumulator form pipe on the 
inside of the form' and drav? -a circle 
around it. Drive three 6d nails 
one-half way in/ 120 degrees 'apart 
through the circle / making compen- 
sation for the thickness of the 
accumulator form pipe. 



NOTES 



18. 



DriH hole^in PVC pipe for snifter. 
Drill another hole in form for the 
other end of snifter^ Snifter pipe 
should have a plugged tee in thei 
middle or a piece of metal welded, to 
the side of it to eliminate tarni^^g. 



19. An elliptical rubber washer shoaid be 
cut out and nailed where the check 
valve end of th_e PVC pipe comes in 
contact with th'e -form. This, is to 
rect^ss the concrete around the check 
valve seat to insure a good seat. 
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PR0CEDURES 

20. Bolt sleeves to form using althread, 
huts and Washers. 

21. Tie PVC pie dowh to form using 
tie-wire. 

22. Pour the base of the hydram using the 
following concrete formula: 8 parts 
gravel, 7 parts sandf 2 parts ciement, 
and water to proper consistency . Tap 
Oh th(5 form sides while pouring to 
prevent air pockets. Cover concrete 
with a vapoir barfiier such as visgueen, 
then coyer entire pour with insula- 
tion. Draw pattern for impulse valve 
plate and send to metal shop. 

Phase II 

23; After the hydram base has had suffi-- 
cient time to set (usually about 2 
days) , remove form and place hydram 
base right side up on blocks so that 
the bolt holes on the. bottom can be 
. reached. 

24. Place a sheet of plastic or wax paper 
or anything that will prevent a con- 
crete marriage and that won' t wrinkle 
on top of the accamalator end of the 
hydram. 

25. Place aithread .and sleeves through 
bolt pattern at accumulator with nuts 
and washers on both grnds. Tighten 
until sleeves are rigid. 

26. Build form for acdumulatbr as shown in 
Handout lOJ. 

27. Place accumulator form pipe over the 
three hails sticking up through the 
concrete at the check valve. Panck 
with sand to prevent pipe frbm float- 
ing up in concrete. Cap end of accu- 
mulator form pipe with tape or PVC 

' cap. 
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PROCEDURES 



NOTE 



28. Place accuniulator. form on top of 
hydram base and instaii the delivery 
pipe connection between this form and 
the accumulator form pipe, 

29. Pour accumulator form full *of concrete 
using the same rnixture ratio as^^used^ 
in step #22-. ^ . ' ' 

30. ' Cover with a vapor barrier such as 

visqueen and insulation, / 

Phase- III . , :v , ' ' 



3i* After con-crete has had . suf f icien t time 
to set up (about one. .to, two days) ^ 
remove form. - ' ; 

32. Using a large piece of paper, .make a 
pattern from tlie hydram base for both 
the .impulse : valve: rubb'er and the 
accumulator checJc' valve rubbieir, 

33. Cut .but' the ^-rubbers according to the 
pattern/ If the rubber is too thick 
to allow free movement of the valves, 
a v~-notch may. need to be cut into the 
rubber ^t the flex point of the valve 

34. Drill and cut out a piece of. shee 
metal for the impulse plate arid 
attach stop bracket. 

■ 

35.. Install al thread, bolt, nuts and 

washers, on both pieces of rubber as 
shown in ,th5 Attachment* 

36. Bolt accumulator to base with check 
Val v^e rubber for a gasket . 

37. edit imx^ulso valve rubber and plate to 
hydram base. "^^^ ' 

30« Install stroke a^j ustment bolt lockhut 
and rubber bumpe-ri.. 
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39--instaii ram to drive pipe and deiivery 
* pipe. Start up. Ad j us t for amount of 
flow available. 

40.__f]av_e th4 trainees determine _ the flow 
" rafTe into and out of the hydram and 
determine the efficiency. 

41 • Discuss with the trainees what they 

feel the advantages and disadvantages 
of this ram might be and when they 
might be important. 




NOTES 

4 



X23 
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Sessibh 16 
Handout lOA 



CONCRETE HYDRAM DESIGN PARAMETERS 



CAVITY WALL THICKNESS 



DOME COVER THICKNESS 



NUMBER OF BOLTS AND SIZE 



The side wall thickness (T^) in a concrete Hydram without reinforcement 
shall be equal to the diameter of the cavity. (D^) in inches times the 
drive head (H) in feet divided by 10 or shal1.be equal to the cavity 
diameter, whichever is greater. 

The top or bottom wall thickness (T^) should be 1.25 times the cavity 
diameter? 




The total bolt area (TBA) should equal the drive pipe diamete^ (inches) 

squared times the drive head in feet divided by 50 or TBA = IW^ 

o 50 

If D in mm. and H in meters then TBA = tt^^-S— 

9677 .4 



To determine the' proper number of bolts, .find the area of the bolt 
si^ you wish to use and divide it into the total bolt area. 



Di ameter of bol t : 
mm . -5.3 8 
in: 1/4 5/16 
Area of bolt: 

.627 :645 



9.5 
3/8 

.668 



11 
7/16 



1/2 



.093 



.126 







N 






15.8 


19. 


22.2 


9/15 


5/8 


3/4 


7/8 


A62 


. 202 


;302 


.419 



1 

.551 
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THICKNESS OF THE 



£tATE IN INCHES * 




DRIVE Head in feet 







in 


20 


30 


4D 






1.5 


1/4 


3/8 


7/16 


1/2 


f 5/8 


CO 
UJ 
X 
C-J 


2 


i/4 


3/8 


7/16 


1/2 


5/8 


Z- 


2.5 


5/16 


3/8 


1/2 


9/16 


5/8 


♦—1 

2: 


3 


5/16 


7/16 


1/2 


9/16 


5/8 


LJ 

a. 


4 


5/16 


7/16 


1/2 


9/16 


5/8 


o 

LJ 


5 


3/8 


1/2 


9/16 


5/8 


11/16 


> 


6 


3/B 


1/2 - 


9/16 


5/8. 


11/16 


ULI5EI 


8 


7/16 


1/2 


5/8 


lZ/16 


3/4 


2: 


12 


1/2 


5/8 


11/16 


m 


13/16 




16 


in 


5/8 


3/4 


13/16 


7/8 




OF mPVLSB 1^C\\\\ S£flf 



* These figures also ajapiy tb accumulator plate thickness; 
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Handout: lOfi - meCric 



I 



THICKNESS OF THE IMPULSE VAbVE PLATE IH MILLI ME T E R S* 
DRIVE READ IN METERS 





3 


6 _ 


9 


12 


40 

QC 


- ^ 


10 


11 


13 






16 


11 - 


13 


5 60 


8 


ie 


• 13 


lA 




8 


ii 




^4 




J,' 








g 100 


8 


11 


13 


14 


g 125 
o 


9.5 


13 


14 


16 


^ 150 
> 200 

UJ 
CO 

^ 300 

CL. 


10 

11 
13 


13 
' 13 

V 

15 


14 
16 
18 


16 
18 
19 


- 400 . 


13 


16 _ 


19 


21 



/M PULSE 
^ VALVE OPENINS- 



IS. 



15 

16 

i5 

15 

16 

18 ■ 

is 

19 
21 

22 




* These fiqures also apply to accumulator plate thickneis; 
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Handout IOC 



I 



iMPUhSt VALV/E StEEL B AOa^ 



DRIVE HEAD IN FEET 



I 







10 


20 


3b 


40 


50 




1.5 


1/8 


m 


1/8 


3/16 


3/16 


-X 

u 
z 


2 


1/8 


3/16 


3/16 


3/16 


1/4 


t-H 


2.5 


3/16 


3/16 


m 


1/4 


1/4 




3 


3/16 


m 


5/16 


5/16 


5/16 


2: 

a. 

o 


4 


m 


5/16 


3/3 


7/16 


7/16 


-J 


5 


5/16 


7/16 


1/2 


i/2 


9/16 


<: 


6 


3/8 


1/2 


9/16 


5/8 


11/16 


^ 1 


12 


i/2 
. 13/16 


11/16 
1 


3/4 
1 1/8 


13/16 
1 1/4 


7/B 

1 5/16 




16 


1 1/16 


i 5/16 


1 a/2 


1 11/16 


1 13/16 
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.Sessidh 10 
HariSout; ipe - metric 




IMPULSE VALVE STEEj: BAeijOM 




ex. 
o 



40 
50 
50 
75 
IDO 
125 
150 



^ 20,0 
S 300 
400 



i; 



tMPULSB 
L V€ PLATE 



ERIC 



3 
3 
5 
5 
6 
8 

10 

13 

21 

27 



DRIVE HEAD IN METERS 
: 6 9 



12 



3 
5 

5 
6 
8 

ii 

13 
18 

25 

33 



3 
5 
. 6 
8 
10 
13 
14 
19 
29 
38 



5 ' 
^ 5 

6 ■, 
8 

ii. 
i3 

16 
21 
32 

43 • 



^ VALVE OPEN/NS- 



15 



5-^ 
6 . 

••5 

. 8 

H 

14 

18 

22 

34 

45 




fmBBEtt 
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ria 



ndo^ 



C lOD 



i 



I 



IMPULSE VAU 



10 



15 



* DRIVE HEAD IN FEET 
20 



25 



30 



35 



40 



45 



50 



3/4 

i 



I 2^ 

ui 4 
a. 



5 B'' 

C5 



l/B 
3/16 
1/4 
5/16 
3/8^ 

5/a 

13/16 



3/16 
5/16 
3/8 
7/16 
9/16 



1/4 
3/8 
7/16 
9/16 
3/4 



5/16 
7/16 
9/16 
11/16 
7/8 



3/0 
1/2 
5/8 
3/4 
1 



9/^6 



7/i:6 1/2 

9/^6^ 5/8 11/16 

3/4 13/16 14/16 1 

7/8 1 1 1/16 1 



3/8 



11716 15/16 
7/8 1 1/8 



1 3/16 1 5/16 1 7/16 1 9/16 
11/8 1 5/16 1 7/16 1 5/8 1 13/16 1 15/16 
1 5/16 i 9/16 1 3/4 1 15/16 2 3/16 2 5/16 
I l/B 1 7/16 1 3-/4 2 1/16 2 3/8 2 5/8 2 7/8 . 3 1/8 
1 3/16 1 11/16 2 3/16 2 5/B 3 1/8 31/2 3 15/16 4 5/16 4 11/16 
1 11/16 2 1/4 2 15/16 3 9/16 4 l/B 4 11/16 5 1/4 5 3/4 6 1/4 
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HariddUC lOD - metric 



iMPtJbSE VALVE SEAT WIDTH IN MILLIM ETERS 
DRIVE HEAD IN METERS 



J/*1PULS£ 
VfltVE OPENWS- ^ 







-3 


4 S 


6 


7.5 


9 . 


10.5 


12 


13.5 


15 . 


20 


•5 


c 


U 


8 


id 


11 


13 


14 


16 


a: 25 


D 


Q 
O 


. 1 n 


1 1 


1 3 


14 


15 


18 


19 


30 


b 




1 1 




1 (J 


19 


21 


22 
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i; Hydram Body 

2. " Accuoiuiator 

3. impuise Plate 

L Eheck 1/aiue h Gasket 

5. liDpiiise iiaitfe A Gasket 

6. Stop Bracket 

7. Rubber Stdp Bumper 
fl. Gas, Cock-Snifter Valve 

PVC.Pipe _. 

10. Delivery Pipe 

11. Steel Check Valve Stop 

12. Rubber Check Valve Stop • 
1^. lltipulse Back4lp Washer 
l^ir Iffipiilse Hasher 

15. Check ^Ualve Back -Up Masher 
(Large) 

16. Check Valve Waslier (Small) 

17. Stop iiinq Nat 
iB. Stop Adjusting Boit 

19. Stop Bracket Bolts ' , 

20. Check Valve- Stop Nuts 

21. Check Valve Stop Bolts 

22. Check Valve Nut 




23; Cii?ck Valve Bolt - 

ih ftithread Bolt (Accumulator) 

25. Aithread Bolt (Impulse Plate) 

26. Aithread Bolt (impulse Valve) 
2?., impoise Valve Hex Nut 

• 26; f lat Wasfier: 

29. HexNut ■'. . • ■ . • , ■ 
' 30. Pipe Plug (Drive Pipe Size).. . 

31. Steeliipe Tee (Drive Pipe Size) 

32. Pipe lee (Delivery Pipe Size) 

33. Pipe Pjjug (Delivery Pipe Size) 
35. Pipe Plug (Shifter Pipe Size) 
35. Pipe Tee (Snifter Pipe Size) 
36; Snifter Pipe 

3?." Snifter Pipe 

30. - PVC Hale Adapter 

. 39. Accumulator Sleeve 

40. PVE Coupling 

hi. impulse Sleeve 
42 Accumuiator Base^ieeve 
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.T.essidn 10- 
Haridbut lOJ 



two nEcc coNcesre MVbi^i^ r^f^m 
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Handout lOK 



ONE-PIECE CONCRETE HYDRAM 




1. Hydram body 22. 

2. gasket 23, 

3. impulse plate ^ 24. 
^. check valve , 25. 

5. impulse valve and gasket / 26. 

6. stop bracl?fet 27. 

7. rubtfer stop bumper 28, 

8. gas cock-shtfter valve 29. 

9. PVe pipe . 30. 
liBi. delivery pipe • / 31. 

11. check valve stop _/ 32. 

12. - N/A « . 33. 

13. impulse back-up \i/asher 3^. 

14. impulse \i/asher / y 35. 

15. check valve back-up washer/large) 36. 

16. check valve \i/asher (small^ 37. 

17. stop \i/ihq hUt 38. 

18. stop adjusting bolt 39. 

19. stop bracket bolts 40. 

20. check valve stop nuts 41. 

21. jpheck valve stop bolts 42. 

43. 



check valve hUt 

check valve bolt 

aithread bolt (accumulator) 

althread bolt (impulse plate) 

aithread bolt (impjulse valve) 

impulse valve hex nut 

fiat washer 

hex nut 

pipe plug (drive pipe size) 
steel pipe tee (drive pipe size ) 
pipe tee (delivery pipe size) 
pipe plug (delivery pipe size 
pipe plug (shifter pipe size) 
pipe tee (shifter pipe size) 
shifter pipe 
snifter pipe 
PUC male adapter 
accumulator sleeve 
P\/C coupling 
impulse sleeve 
accumulator plate » 
accumulator plate gasket 
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ONE FttCj^ CONC^T£ Nro f^M f^Of^m 
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^r' Handout lOM ' \ 



ATTACHMENT lOM 



A c^munity of 100 people reguires-^d/gal/day/pef and 30 

gpd/cow f<:;^r 3 5 cows, and wants to use a corieretj^; hydram. 



h = 90' 
H ^ 20' 



A weir 2" wide and 4" deep has been pat in the stream; 2' upstream 
from the weir, the distance form .th^ mark on the stake, level with 
the top of the weir, to the water level is lij". Assume an 
efficiency of 50%, determine the following: ^ . 

• Q . ^ 

• d ,\ :^ ' 

0 Accumulator diameter ^ : 

• L ^ '■ ' 
m Check valve opening^, 

• Impulse valve opening 



s 



Impulse valve thi'ckn^ss 
impulse valve seat width 
Impulse valve backing thickness 
Check valve seat width 
Check valve ba^Jp.hg thickness 
Number and size; bf bolts 
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Hartdoui: ION 



gravel, sand, cement, water, form iumber^ plastic 
pipe, bowl, fittings, material for vapor barrier 
something to mix cement in. 

Size and quantity of materials is 4ependent upon 
the hydram to be constructed. Following is an'*- 
r^xample of a typical list of materials for a ' 
1" hydram. 

^ c __ ._ 

1" CONCR Em^YDRAM MATERIALS LIST - 

1 l"x 12"x 8' lamber for body 8 3/8 althread 36" 

form _ _ 

1 l"x 12"x 8' lumber for accumu- 26 3/8 lock washers 

1 __ la_tbr forms 

i ^"x 7" diameter steel plate 26 3/8 flat washers 

L 

13" PVC pipe cap 



i 4" bowl ' ' 

1 i*x i*x H belting 
17" diameter x H" belting 
.1 l"x 2" angle 1" long 
1 rubber stop bumpigr 
1 gas cock 
11" PVG pipe 2' long 

1 h'' nipple Ih" '^ng ' 

2 2*5" washer with'V8" hole 

2 1%" washer with 3/8", hole 
5/16" wing nut 

1 5/16 X 2^5" bolt 
2'H xH bolt / 

3 5/16 nut \ 

1 3/8 bolt *1" long 

], ^3" PVG pipe 18" long 

Handouts ^qA 10 L 



X 



26. 3/8 nuts 
1 1" p^ipe plug 
11" pipe tee 
1 H'' pipe plug 
1 ij" pipe tee 
1 H" pipe plug ^ 
'1' %"^^ipe tee 
2pcs. %" pipe 2" iohg 
11" Pve male adaptor 
1 PVG pipe 22* long 
1 1" PVe couplj:ng 
h lb" 6d nails * 

form oil 
2*5 gal water 
32 # cement 
1 1/3 cu.ft. gravel 
l'.l/6 cu.f t . sand 
shovels . r 
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12. With all the tools and materials 
gathered, begin ebnstructioni 



Phase I - Part Two . : 

13. Start by constructing the hydram base 
form. (SeB handout 10J) 

14. N6Xt> bend the PVC pipe and cut to 

y proper length and angles. Be sure to 
glue a cotapiing to the check valve end 
to increase the seat ai^ea. 

15. Notch but bottom of p>la^tic bowl to 
fit upon the PVC pipQ: with the bowl 
and pipe held together, mark where the 
pipe tbuche:s the inside of the bowl; 
then/ using cbping.^paw, cut -albhg this 
line. .Attach male -^adapter and the 
plugged tee to input end of pipe. The 
plugged tee serves to prevent the pipe 
from turning within theicbricrete. 
Welding a piece of metalSbntb the 
coupling would also wbrk^ ' 

16. Dir^^ holes in the bottom of the fbrm 
fdBMihe bolt pattern airourid the 
irr^^Lce valve and the accumula tbr_. 

17. Centfer accirnula tor form pipe oh the^ 
inside of the form and dr^w'a circl^ 
arourid, it. _Drive three' 6d hails 
one-haXf way in, 120 degrees apart ' 
through the cir'cle,. m'^king compen- 
sation' for the thickness of 'the 
accumulator form^pipe. 

18. Drill hole in^ PVC pipe for snifter, 
brill another' hole in form for the 
3ther end of, sndfter^ Snifter pipe 
should have a plugged tee in the 
middle or a piece of metal welded to 
the side.of it to eliminate turning. 

l9i An elliptical -rubber washer should be 
cut out and nailed where the check 
' valve : end bf the PVC pipe cbmes in 
contact vfith the forfcj. This is to 
recess the bbhcrete Ground- the check 
^ valve seat insure a gb^d seat. 
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PROCEDURES 

20. Bolt sleeves to form' using althread, 
riiits and washers, 

21, Tie PVC pie down to form using 
tie^wire. 



22. 



NOTE S 



Pour the base of the hydram using the 
fdlldwing concrete formula; 8 parts 
gravel, 7 parts sand, 2 parts cement, 
and water to proper cphsistency, 'Tap 
P_^_^he form sides while pouring to 
prevent air pockets. Coyer concrete 
^ith a vapor barrier such as visgueeh^ 
then cover entire pour with insula- 
tion. Draw pattern for impulse valve 
piate and send to metal shop. 



Phase ^iX 
1^ 

23. After the hydram base has had suffi- 
cient time to set (usually about 2 
days) , remove form and place hydram 
base right side up on blocks so that 

• the bbit holes on the bottom can be 
reached . 

24. Place a sheet of plastic or wax paper 
or anything that will prevent a con- 

, Crete marriage and that won|t wrinkle 
on top of the accumulator end of the 
iram. 



25. Place althread and . sieeves_ through 
bolt pattern at accumulator with nuts 
and washers on both 'encSs. Tighten 
until sleeves are rigid. 

26. Build form for accumulator as shown in 
Handout lOJ. 

27. Place accumulator form pipe. buer the 
three hails sticking up through the 
concrete at the check \>alve. Pack 
with sand to prevent pipe from .float- 
ing up in concrete. Cap end of accu- 
mulator form pipe with tape or PvC 
cap. , 
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NOTES 



28. Place adcumuiator tormon top of 
hydrain base and install the delivery 
pipe connection betwe^ this fanh and 
the accumuiator form pipe. 

29. Pour accumulator form full of concrete 
using the same mixture ratio ^ as used 
in step #22. 

30. Cover with a vapor barrier such as 
visqueen and insulation. 

P hase III 

31. After concrete has had sufficient time 
to set up (about one to two days), 
remove form. 

32. Using a large piece of paper^ make a 
pattern from the_ hydram base for both 
the impulse valve rubber and the 
accumulator check valve rubber. 

33. Cut but the rubbers according to the 
pattern. If the 'rubber is too thick 
to allow free movement of the valves, 
a v-notch inay need to be cut into the, 
rubber at the Ilex point of the valve. 

34. Drill and cut out a piece of sheet 
metal for the impulse plate and 
attach stop bra-cket. 

35. Install althready bolt, nuts and 
washers on t^th pieces of rubber as 
shown in the attachment. 

36. Bolt accumulator to base with check 
valve rubber for a gasket. 

37. Bolt impulse valve rubber and plate to 
hydram base. 

'38/ install^ stroke adjustment bolt Ibcknut 
and rubber bumper. 
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PROCEDURES 
Phase iv 

39. install ramto drive pipe and delivery 
pipe. Start up.. Adjust for amount of 
flow available. - 

40. Have the trainees determine the flow 
rate into and out of the hydram and 
determine the efficiency; 



NOTES 



41. Discuss vs^ith the trainees what they 
feel the advantages^ arid disadvaritages 
of this ram might be and wheri they 
might be important. 
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SESSION 11; HYDRXfl Component design criteria Time: 1-1% hours 



OBJECTIVES; 




OVERVIEW: 



MATERIALS: 



By _ the end of this session > trainees shall be 
able to: 

• describe how each hydram cbmpoheht is or 
can be made, _and the advantages and dis- ^ 
^vantages of each design. Including 

. longevity, serviceability , reliability ; 

• describe how the configuration of the components 
affect their ^'function and th^ overall - 

eff igiejicy of the hydram; and 

• select hydram cbmpoheht appropriate fbir • 
^their site^:*-^ - 

Tirainees will examine advantages and dis- 
advantages of manuf actuired and fabricated ram 
components, and configurations. Combining 
this , information with information about locally 
available materials and skills, they will 
determine ram conistruction that is most applicable. 

m f lipchart/chalkboar^l 

m slides, slide projector 

m actual parts, as available (see trainer note) • r • 



NOTE : handouts for this session will be very helpful 

inpresenting the information on the individual 

components but having the actual components available 

z would greatly increase the effectiveness of this session 
^ if in the country that the trainees;, will be working 
there is one brand or type of hydram predominantly 
being used, it would be most advantageous to have a 
hydram of that type at the training site. The 
types and brands of ±he components the trainees will 
mbst likely encbuht^ are l the ones that the gr^Stest 
aihbunt bf attentibli shbuld be given to. 



7 
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EHOCEDU-RES- 



NOTES 



1. 

2. 



Review the purpose of this activity. 



3 
4. 



6. 



Ask the trainees to list the compo- 
nents of the hydr^m and write them on 
the flipchart/board . It should 
include the drive pipe, impulse 
vaive, snifter/ check yalve, accumu- 
lator and delivery pipe. 

Distribute Handout llA. 

Using handout iiA, ask the trainees 
to point . out any problems or advan- 
tages of each of the components i 
Fill in any information the trainees 
rieave out . . ^ 



Repeat steps 3 and^4 using handouts 
ilB and lie. ' / 



Gn.ce the trainees^ have a good tihder- 
standing of the cbmpohehts , disfej?ss 
with them all the possible cbhfig- 
ratibns of the components and how 
bhe placement of a particular compo- 
nent;/ affects the overall efficiency 
of a hydram* The configuration 
possibilities should at least include 

- the location of the .impulse valve 
(either before or after the 
accumulator) |\ 

the angle of the impulse valve _ 
(on the tdp> side> or bbttdm of 
the hydram) j 

- the placement of the snifter arid 
how it affects its furictipri; 

- the possibility of more ^than one 
impulse valve^ (as in. the case of 
larger Blake Hydraitjs) ; and 

- the angle of the check valve 
(eithet Y^^^?^?^' horizontal^ 
or up-side down) / 



Slides can be used very 
effectively as well. 
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PROCEDJJRES 

- the size and shape of the 
a,ccumulator , and 

- how the cpnf iguration affects the 
water ' s patfi. 

7. Make a transition to Session 12, 
indicating that this information 
will also be used to consider 
choices cunong hydram designs. 



i 
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Session li 
Handout IIC 



tlPIQIL fiHZFTEHS 




standard plumbing 
snifter 




gas cock 




needle v/alv/e 




orafice bolt shifter 




rubber flap 
check 




nail check ' 




grooved bolt snifter " 



external drilled 
bolt snifter 



internal drilled 
bolt snifter 
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SESSION 12: HYDRAM SELECTION 



Time ; - 3 hours 



0BJECTIVES; 



By the end of this session, trainee^ shall 
be able to: 



OVERVIEW: 



MATERIALS: 



• idehtif5? factors involved in selecting hydrams 

• describe advantages and disadvantages of 
various ram const ruction^ including 
manufactured rams \ 

m identiify factors which will support/impede 
the development of a hydram sys tern, ^ 

This session gulls together much of what^^^ii^s 
been learned to date, and organizes most o?^ 
the issues to De considered in the installation 
'of a hydram. 



chalkboard or flipchart, chalk or markers 
Handout 12A 



' TRAINERS 1. key issues that have been raised in other 

NOTES : sessions include: 

- funding sources for projects (Sessions 9, ii) 

- types of rams currently being used (Session .2) 

- available materials and costs (Sessions 9, it) 

- transport available (Session 2) ^ 

- existence of local industry capable of 
fabricating parts or complete rams V 
(Session 2) , ' s 

The advantages of> manufactured rams will be 
discussed during this session. The trainer 
should identify brands available ih-eountry, 
collect and duplicate literature. 
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RSeeEDURES: 

1. identify the bbj4BeEives of 
session. 



2. Ask the tra,tneei^'''^^lia^^ factors need 
to be considered inS^iec ting a 
hydram and write thesfe factors on 

ilipchart . Ai in hahdteut* they 

shoaid tnciude cost , servieeabii ity • 
availabiii ty , simplicity of design, 
ease of transportation , longevity, 
and efficiency 

3. Review manufactured rams available 
in-qouhtry. List all the types of 
hydVams the trainees might have to 
choose from. The list may ihelude 

: concrete, f actbry made ^ modified 
pipefitting, fabricated pipefitting, 
and welded steesl. 

. . % 

4. Asfc participants to discuss each 
type of ram and how its character- 
istics lend themselves to the 
factors previously discussed; fill 
in chart. ^ 

5. ^ Summarize by asking, the trainees what 

type of hydram they will most likeiy 
. be installing and any other inform- 
ation which "is pertinent such as 

funding sources .for hydram projects, 
where to buy pipe and fittings and 
where there might be some local 
indug'tries that should be involved 
in the fabrication of parts or 
whole hydrams . 

6. Ask participants what other factors 
support /impede /affect selection. List 
on flipchart. 




Ask the trainees to C^in St-oups o^ , 
six and as a group determine the idei^l 
ram construction and conf igur/a^ion 
for their site. Instruct them to 
consider: 

- manufactured- rams available, 

- limitations of compohenc parts, 
manufactured or built. 
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PJtdeEDiJRES : 



NOTES 



- ioeal skills available for 
construction , repair arid 
maintenance , 

- maintenance schedule and respon- 
sible parties, 

- volume of water: to the pump, and 

- cost. 

Ailow the groups 25 minutes for th^s. 

Design should be critiqued, accord- 
ing to the criteria. If all informa- 
tion is not available, ask partici- 
pants how* they would get it. Discuss 
the implications of craf traanship. 

V 

Ask participants if there .is anything 
else they need, to know before they 
begin construction." Answer any 
questions. 



4 
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Session 12 



S«^ie: i |best) to 5 't(wbrst) 



"Cost 



inexpensive 



Serviceabii ity 



ON CRETE 



iFIED 
IPEFITTINQ 



Lhexpehsive 



hard to 
repair this 
Soncrete 



Darts are 
lard to 
repair and 
usually 
requires 
^placement 



FABRieATED 

PIPE Fiium 



IMANUFAeTORED 
HYDRAM 



inexpensive 



Bxpepsive 



sometimes 
difficult 
to get to t|i( 
efieck Valva 

'\ • ' — 



parts easily 
made or ' 
ejrep laced , 



WELDED STEEL 



v5 

noderate 



requires a 
welder 



PLASTir 



2 

cheap 



6 

poor,: ' 



Availability 



X 




Simp J.ici ty of 



requires the 
greatest 
arTiount of 
time to 
const rUrt 



parts just 

screw 

together 



most parts 
screw or 



bolt together sometimes 



most parts 
are cast S 



but requires 
some metal 
\i>brl<ihg 



the ^ratDber 
part^ ;are 
field 

f abricate^d 



requ^riss 
welcfing but 
no unique 
metal shapes 



' ; 2 

easy to , 
build but 
risqUires 
glueing 



Ease of 
Transportat ion 



ext remely 
heavy 



smaii and 
not^ very 
heavy 



small & hot 
very heavy 



'heaviest of 
the ferrous 
hydrams 



4 

heavy & 
bulky 



very light 



Longe v/i t y 



■If at does 
not freeze 
it should 
last as 
long as a 
mfg; ram 



u/ill.'last 
about 1 yr. 



no^ longevity 
studies done 
yet , bat 
sbQuld last 
a long time 



history of 
ap to 25, yr 
without 
service 



should last 
about as 
logg "as a 
mfg. j-am 



i ' ' 

6 a 
y/ill last 
about one 
month 



Eff icie 



. ..N..very little differehcis if bu 



ilt properly. 



* training device only 
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's£Sai6N 1 3;" ' INTER-RELATIONSHIPS M ITHiN THE HYDRAM Time ; ll-is hoiirs 

OBJECTIVES ; The trainees will verify by experimehtatioh . 

^ the . inter--rela;tionsh±ps within ;a hydram ^ . 

including: ^ . 

I) the effects of the h:H ratio on efficiency/. 

. ' 2) frequenpcy on maximum « ft: H, ' > - 

3) frequency^ on efficiency and q. and Q_ ' ^ 

* .* >v . '- A) amount of air" in accumulAtor on efficiency , - , 

• ' 5) drive pipe length on. effiodTfency > ^ ^ 

' . 6) dr>ive pipe diameter on efficiency r • 

7.) ^snifter on Efficiency, andp* 

8) drive pipe material on efficierl^cy < " 

*' The trainees will describe the extent-td 

which they can vary the factors 'that affect 
efficiency> and produce ah acceptable amount v ^ 

of water; " ^ 



OVERVIEW: 



Taets ; 



A series bf^ will be conducted by 

groups of "3-4 participahts. The number of 
experiments each group conducts will depend_ 
on the si^e of the total group and the amount ; 
of time available. This activity is key in 
providing participah;t:s with experience and 
confidence in understanding and manipulating 
hydrams, ind understanding the range of skills, . 
materials, tools and equipment involved in a 
hydram project. ' \ 

Handout 12, exercises 1-8 :) 

a water source with sufficient head to operate 
one or more hydrams^ enough working hydrams for 
one to each group, drive pipes (ail steel except 
one PVC) 

pipe wrenches, stop watches or watches with a 
seconds function, buckets of known capacity^ 
means of m^asuritee drive head. sucH as transit ^ 
or sight level, pressur^ gauges, pressure relie^^^^^ 
valves 
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TRAINER Nf^T'F.i^ BN TIMING FQft EXPERIMENTS 
I — '— - ' "^ i **' — — ^— ^— 

r ' _ _ *_ .... » 

The time it sh6uld take for each series of experiments is 
as follows : 

/ ■ Ij h:H ratio's effect on efficiency 2 hours 

^ 2j frequency's effect on maximum h:H 1^ hoiirs 

* 3) frequency's eff:ect ptx efficiency, Q.-and q 2h hours 

4) volume of air in accuirtulator '^ effect 2 hours 
^dh efficiency 

5) drive pipe lerigth ' s/ effect on efficiency 4 hours 

6) drive pipe diameter's effect on efficiency hours 

% ■ r 

7) snifter's effect dh: efficiency I's hours 

8) drive p'ipe materialis effect on e-fficiency 2 hours 

W^'- s ' . . i / : > 

Allow is hours for the intrdduciion to this session 
(procedure steps 1-4) and 2-3 hotars for the groups td 
analyze their findings (step 6) And 3 hduips fpr the grdup , 
presehtatidns and discussidrt. _ > 

The number of experimental statidns^ available and the time 
an experiipent actually takes, 'may mean that each grdup 
ddes'2-3 exp^j-intents each. %t's a gcdd ^dea^td liave mdre 
than dhe grdUp run an experiment to verify results. 



PROGEDURE ; 



3. 



4. 



Describe ^the objectives of this 
session. 



Divide thfe trainees into grbu-ps of 
3-4^ making sure each group c|igtai)ris 
a cross-section b£* technical i%ili- 
ties . 



ce- 



Give each grbiip the task aitd f _ , 
dure sheets for the experiments^ 
which you want theiti to perform. ^- V 

. _ . i_ 

Assign groups to . work spaces^ and ^^^^c 
ask them to take 15 minutes to 

_ - ^ - ^ - _. - * 

decide how they will.work to- 
gether ^ ' ) 

*■ . * _ ' ■ ■ _ _ _ _ . 

- get clear about procedures , task, 

- make assignments for presenta- 
tion, write-up. ^ ^ 

_L __ _ 

The groups f ollow the procedures .dp 
the task and procedure sheets. 

After the experiment sar^ finished , 
the trainees meet with their groups 
for 2-3^ hours to analyze the data 
collected, to plot the results of 
their experiments onto the grapHs 
provided in the handout (all except: 
for the snifter experiment .which 
ne.eds no graph), and to define the 
generalizations that can be made 
and the applications. 

A reprejBentat i ve from each group 
presents the task, procedure, 
results, generalizations, arid 
applications for the experirrierits 



A discussion follows about what has 
been learned arid wh^t wasn't 
learried that perhaps should' have 
been learried. ' 

Ask participants to describe how 
start up of ram might be different 
at actyal installation vs. this 
experimental arrangement. 



NOTES 



5 

- - 4 _ _ ^- - - - 

Each group of 3^4 should possess* 
a range of ^technical abilities. 



Each group will need to assign 
re^jpdnsibili ty for timing the 



, measuring O,, 

;Haj 



maintainingpressure gnuge, 
recording diada, reporting out, 
analyzing- data. • ' > 



The trainers must be available . 
to participants as nece,ssary tO' 
res^ppnd to questions, ensfire 
thaS^procedures and conclusions are 
clear apd on target . trainer should 
encoitt"age groups 'to review their 
work St the ehc^ of the first 
block of work time. 



See Hulcfe to Users for setting 
up experimental stands. 



t 
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Ex€r<:i&^ -1— Par^ -I 
TASK : DETERMINE THE EFFECT THE h:H RATIO HAS ON EFFIiSIENOY 



Variables :^ efficiency (ri) , water deli vered (q) , water used (Q) 
time of experiment, water wasted (Q- ) 



Cbntrbl led 

Variables : Del i very head (h') 



Constants : 



Drive head (H) , frequency (f), volume of air in 
the accumulator 



Range : 



2:1 to 20:1 



PROCEDURE: 



1, 
2, 

4., 
5. 



6. 
7. 

8. 
9. 



, Install: a hydram po a drrve head. 
Accurately measui/e the driye head. 

Attach and set anV adjustable^pressure relie valve arid 
a^presSure gkuge .^^ the discharge . 
Start the hydram. ^ ^ 
Open the snifter in order\to fill the accumulator with 
air and then close the snifter for the duratidfi of the 
experiment^ ; 
Calculate the impulse valve frequency . 

SJ-muitaneously measure the time of the experiment, water 
delivered (q) and water waptqd (Q^)» ^ ^ <^i. 

Calculate the efficiency (n).. . 

Repeat the experiment making sure to keep the drive head, 
fretquency and the volume of air in the accumulator the " 
same and change "the delivery head in order to develop a 
new h:H ratio. 
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:t: II 



TA^ik: OETERMI^THE EFFEeT THE h:1i. RATIO HAS ON EFF^ICIENCY ^ 

i xpor tijiof it f 




II 
h 

(J 
f 



'J) 
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Exercise 1 ^ Part III 

THE iSTKT OF MB OELIVEET m*D' TO DRIVE BEAD B*TIO OH WFlCtmCt ^ 




Exe r cise ^ - Part I 



TASK: 6ETERWINE THE EFFECT OF THE FREQUE^ 
SEfciVERY HEAD TO DRIVE HEAD RATI'O 

Bel ivery^_ head (h) ^ water used 
water delivered (q) 

amount of air iri the accumuLat 
Const a tits : ctrive head. 
Range : high frequency to Low 



Vartabtes : 

Gontrot ted 
Variables : 



PROCEDURES : * ' 

1*. Install a hydram^ to a drive head . 

2. Accurately measure the drive head. 

3. Attach and set an^^djustable pressure 
a pressure gauge ^to the discharge. 

4. Start the hydram. - 

5. Open the snifter in order to fill the 

6. Set. the frequency to as f as t a^s pbssit 

7. Witl:i delivexy valve shut meastii'e ttie rr 
with a. pressure gauge., (MaRp ^certain 
that is used ijs^; degigned^for the., press 

encountered. ) J^^l -^li,^ ' ^ ^ 

8. Repeat the e^peftmetip wRhB^^ 

^ by even increments making certain :Jhat 
* in the accumuiator_TemSins the sarrie^ 

9. From the pressure reading calculate th 
the h:H ratio. 



TOOLS ANEU MATERIALS NBEDED: 



EKLC 



J' 



. ri^S- 
Exercise 2.;^' - Part II 
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. Determine the effect of the frequency on the maxiium delivery h«d 
to drive head ratio 



. i >i • 1 1 ml - nt _ 



r 



53 



4- 



BEST GQPY AVAIWBLE 
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Exercise ^ _ Part iff 



Handout i3 



TBI STFSCT OF TBJt FBBQDIVCT SSH THX HmMDf DELIVEBT HSUD TO E6IVS HttD BATZO 



Hill 



&0 I — 



o 

'I 



rUBQUJERCT 

I ] 1 



MAX 

i i i i i t 1 i 
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p. 



Exercise3' - Part L 



TASK : DETERMINE THE EFFECT OF FREQUENCY 6N EFFiCiENCY; 

* QUANTITY OF WATER ENTERING TME HYSRAM AND QUANTITY 
* OF WATER DELIVERED. 

. • ' t ■ * 

Variables : time of Ehe''- e^xp^riment , efficiency ^^) ; water 

used (Q), waiter deliverecT (q) , water wasted (Q_) 

Control I-edr . 
Variable : frequency 

Cotis ta4^ts : drive head (H) , delivery head (h), volum^ of tai r 
in the accumulator ' IB 



Range 



slow to fast 



PROCEDURE ; 



1* Install a hydram to a drive head. - 

2. Accurately measure the drive head. ^ * ^ 

3. Attach and set an adjustable pressure relief valve and 
a pressure gauge to the discharge. 

4. Start the hydram. 

5. Open the snifter in order to fill the accumulatdr with ^ 
air and then close the snifter for the duration of the 
experiment. _ _ - % 

6. ' Calculate the impulse valve frequency. • 

7. Sintultaneously measure • the time of the experiment, water, 
delivered "^q) and water wasted^* (Q^) . . 

8. Calculate the efficiency (ri) . / ^ 

9. Repeat the experiment making certain to keep the volLfme 
of air in the accuinulatbr ^ drive head, and delivery 

* head the same while changing the frequeacy. 



r 
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Handout 13 



iA.i>: BETHttffllE THE DTBCT OF raBQ5!»Ct CW ETICiHICY. QUAHTITT OF ItTEB 
HI^Ili3 THI HTBBWI AMD QUAHTITT< OF Wim EEiiln^D 



h:H rut lo 



= 149- 
3 -; Part 111 
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THE EFTTCT OF FHEQUWCt OM HTie^CI* QOAMTITY OF WATER iWmiB«(3 THE 
HTDRAH iWD QOA^ITT 9F WATK BBlVESED 



o 



MIN 



'0 



-50 



20 



ttkX 



i i i 



r. ' 



... 



■r 
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^ Exercise 4 - P art I ' _ ; : 

TASK -: DETERMINE THE EFFECT OF THE VOLUME OF AlR IN THE 
ACCUMULATOR ON EFFICIgNCY. - 



Var i abLes 



Controlleci 
Variables : 



Cons tarit s 



Range : 



time of the experiment , efficiency (n) , water 
wasted (0^)5 water pumped (q), water us,ed -(^)- 

volume of air in the accumulator 

- - -^^ . ^ • ' . 

drive head (H) ^ delivery head (h) , frequency (f) 

rib air - 24" of air , 



PROCEDURES : . ■ 

1. Install a hydram to a drive head. 

2. Accurately measure the drive head. - : 

3. Attach arid set an ad justable pressure reii.e£ valve and 
a pressure gauge to the discharge. 

4. Start the hydram. 

5. Operi the snifter in order Co fill the accumulator with 
air and then close the snifter for the duration 

of the experiment. _ 

6. Calculate the impulse valve frequency^ _ _ \' 

7. Simultanequsly measure the time of tl^ experimerit ^ water 
delivered (q) and water wasted (Q^) • 

8. Calculate the efftdiency (n). ^ .j 

.9. , Repeat the experiment making certain to keep the drive 

head, delivery head and frequency the same while changing 
the voiuSe of air in the accumulator. 
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I ASK: D«t«rmine the effect of the Voittme of air in ;the •ccumul«tci 
on efficiency 

1 x[j(!.i iiironL, <f 



h:H ratio 



1 



-4. 




5 
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Exercise 4 - Part III 
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THE EFFtCT Tffi VOUJHE OF AIR IH THE JkCCUMOXATOB ON HfienSCY 
6 



Id 



bO 



so 



.^0 



1? s 



20 



^^^ 8" 12" 16" 20«* 24" 

• ' ' ' ' 



t 



:1 
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Exerpi se - j- 



Part i_. 



TASK: DETERMINE THE EFFECT .OF; THE DRIV£ PIPE LENGTH ON EFFICIENCY 



Variables : efficiency (n) water wasted (Q ) Vater 'used (Q) 



water delivered (cj), time of tRe experiment 



Controlled _ _ 

Variables : length of the drive pipe 

iSons tants : 



frequency (f), drive head(H) , delivery head (h) 
volume of air in the accumulator . 



Ran Re 



10' - 80' 



PROCE DURE : . . 

^ ' — 

1. install a hydram to a cirive head, 

2- Accurately measure 'the drive head- ^ __ 

3. Attach and set an adjustable pressure relief valve .and 

a pressure gauge to the discharge. 
4- Start the hydram. _ \ Jt - - ^ 

5 Open the snifter in or%f to fii^ the, accumulator with^ 
air and then Elose the's^^ifter for the duration of the 
expier iijrent,. - 

6. Calculate the impulse valve frequency __ __ 

7. Simulltaneously measure the tij^e of rhe experiment , 
waterLdeliyered (q) and water'^Wasted (Q„) • 

8. Calculate the^f f iciency (n) . _- _ ' _ ■ : 

9. Repeat the experiment making certain to k^p the volume 
of aiir in the accumulator drive head(H)_v fl^eli very head , 

' and frequency 'the same while changing the length of the 
drive pipe . : 



y 
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Exereise .5 - Part II 
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« TASK: aBPERHIIlE THf IFFSCT.Or THE DRIVl PIPl IJ3iaTH OH tFflGWiCt 

I xporirticfit a 



h:H ratio , 



11 



(Jw 
(J 



f 



) 



Ml 



J 



r. 



1?3 



1 
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E^efci -se 5— ^ P are III 
/g - j — 



^ftCT W THE BfilVE PIPE LDIQTH OF EFFI.CmiCY i 
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10' 20' 50* *P' 50' 60' 70' 80' 90' 100' 



i. 



SO 



2Q 



4^ 



I ~ I I 



4 
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^xercl se 



Part I 



TA^K: DETERMINE: the' EFFECT OF THE DRIVE PIPE DIAMETER m 



EFFICIENCY 



Variables : water wasted (Q_),wa^ (Q), water deTivered (q) ^ 

time of 4 the ^experiment • 



Cdritrdlled 
Variables: drive 



e diameter* 



stan^^: 



e : 



drive head (H) , delivery head (h) , 
volume of air in the accumulator 

h, 3/4, 1" ■ ', . . J:,' • 



ricy (f)j 



i 



X 



1. 

2. 
3. 

4. 
5. 



6 
7 

8 
9 



Install hydr^rti to a drive h^ad. - 
Accurately measure the drive head. _ * — 

Attach and set an ad justabie pressure relief ,yalA>e arid 
a pressure gauge : to the dtscha;rge, - _ ' 

Start thj^ hydram. - ^- 

bpeti tho^ snifter_in order to fill thoc accumulator tlrittQ 
-^if and '^y^l^closfe the shifter £or the duratibrivof 

/ Calclir^^^^^^^^uise valve frequency.. i 
Simult|x^^^^^^[6as^re '^he' tinie ^ the exper imerit ^ 
water de^ye^e^Cq) and water wasted (Q^).. 
Calculate tjhe- efficiency (>n). 

Repeat^Ch^'^ experiment making certairi to keep the volume^ 
of atr . iirthe accUmtilatoi^ drive head ^ del i very head , 

.length of drive pipe,' ahd\frei(4ueric:y the same while ;^ 

'changing the diameter of the drive pipe. 



'1 
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1 A^iK: Setejmini the •ffict of arivi pipe 'di«n«t«r|fes #ffici#ncy 

I xjioriiiiont V 



h:H rijtio 



h 

[Ju 



1} 
r 



o 



CD 
'J) 



•Exercise 6; - Part III 



EFtKT OT* ftm MIVl PIPl DUMEIIB CM ZFTICIHICt 



90 



3 



70 



so 



50 



20 



3 -^''^'^ 



1/2*' 



i I 11 



1" 
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Exercise t - Part-^^ 
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TkSK : DEJERMINE THE EFFECT OF THE SiilFTER ON E|'FI(S;£NCY 



Variables : time of expelriment: , water was ted (Q_^) , water ^ 
used XQ)j water delivered (q), efficiency 

Cbritrblled ■ . J 

Variables : Snifter open^. snifter closed, ^one ,^ay shifter 

Constants : drl%^Aead (H) , delivery ^ heid (hi, voiame-o£ 
air fflFthe aacumulator - ^ 



Range 



sucking ^ir and spitting. water 



ROCEDURES : 



1. Install a hydram to a drive head;^ 

2. Accurately measure the drive head.^^y ' 

3. Attach and set an adjustable'' pressure reti^tf valvel^ 
and a pressure gauge to. the discharge. . 

4. Start the hydram, 

5. Open the snifter in order to filt the accumulator with air. 

6. Calculate the impulse valve^lrfeqtHShcy. ^ 
7.. Simultaneously meaiSure the 'time o£ the experiment, 

water delivered (q) , and vTater wasted (Q^) • 
^8. Cilcuiate the efficiency . / <^r _ _ 

9. Repeat the experiment making certain to.keep the volume 

of air in the accumulator, drive head (HH delivery he^ (h)^ 
and frequency the Same'^^ while crharigirig the shifter ^rbm : ; 
an open snifter, a one way sniftei: to no sn-ifter af^all*. . 




i: 



Exercise 7- Partf i- 



. 5^. » 



iA')K: ^ b|iEi<MiNt TfiE ErpEEl SNITTEIIMS;. ON, DEFICIENCY 



7 

Experinient il 



h:H ruti'j 



St- 




r 




4 






■ I 



ERIC 



■• 'J 




a." 
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1 





aV ^ ' '^»--P^-^ ' ' -i^i- ■ ■ ' vHandbut 13: ^ 

P^' ; . Exe|-^1$^, 8 Part I : 7 • ,| 

' TASK: DETERMINE' T^E^EFFECT' 6f THE DRIVE MaTERIAL ON EFFIGlENeY^- ' V 

s . - . ■ -.i^f-v* ■ ^ ^ - ^ ■ £ • 

... • / _ • . '■•■•'Z^^^* 

Variables : efficiency (ri)^ water wast^'d ^QJ)*j water- used * ;^ 

^ ' water delivered (q)^ time of : tfie /ei^pejirnant \ ' * ; " 

Controlled volume of air in the act:Urnulat5r > * - ^ ' " *^ 

V:ariabl^^ delivery head^(H)., f^^qyency (f) > ^ / ^ 

- - _■ ^ . . ... ^ i .. . . . ' ■' ^ 

Constan t : f requenc^ ( f ) , drive, hea^d (h:>-5 - de five ry^ head .(h)^ * :. 

• volume of air in the acct^ul^tdr' • : -^"^ ^ 

• ■; 

■ . Range: " . 5:i, 16:1, 15:1^ 20^1 for botih .steel and, plastic 

\ pipes. . ' . . ■ • n' . ^ JiJ^^ ' - - • 

' • PRO PSBHRE : ' . ^ . i ^ : ^.-^^.^ 

^> . ^: r ■ ' ' ' r 

1. , install a hydram' to a;jjirive head.- 

2. * Ac^curately ifreasure the drive head * , ^ ^ ,s 
„ . 3. '^^Attach aijid set an adjustable p relief valve^and ' , 
i.^ ' a^prensure, gaugl ^to Che^ discharge. • ^ " 

':St§rt_tfip^hydran}.^^ -3fe " i ^ # • 

5. *:OpeS the snif.t^ g.ccumylatOr with , 

; aj.r^ail^ tfien' ^ose, the snifter fe^r the^^auration ^'1^^^^ . < 

pry^^- experiment. • v ^ _ T-\. V. . 

'"vs. €alcdlate the. impulse valve frequency . * :>^__'*' * * ' 

Si^nuitanlousty iggasure flie time' of the experiment ; ^aeer 
i^liv^red (qj and water wasted (CL^) . . - ' s-^' h . 

8." eatculate the e^ffciency (n). ' 
^ 9. Repk^t the exp^iment making certain tQ keep the drivp head 
. ^ frequency, vdltime of air in the accumulator , and driYe_ j \ 
pipe materiaL_tIie saSe until yota hat^e ^ accurate ef,f>cien cy 
; _SS81eulatjfen^^ of 5:1, 10^1, 15: 1,^^0:1. 

10. Repeat the seriefe of experiments after chahgin^the . . 
' ^ dri^ 4>ipe: to a aifferent mateMal makiiig cert|^ifi that - * 

everything else stays the same. * . ^ 
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SESSION 14; 



JD-MMNTENAlsJeE 



Time : 2-A hours 



OBJECT.^ VE8: 



By the end of this session the trainees will 
Be able to : : 



• predict malfunctions- ahd^^^prbblems in 
operation of a hydram''6yer time; 



• ' accurately dia^gnose/irialf unctions a 




ses ; and* 



develop skill 
mainten^rice 



e^ffii^V-lEW: 




experience in repair 
ram systems. ' ^ 

Participants idH^^|p^pbtential malf'urfbtibh^ , ^ _: \ 
describe symptbS^^Hl^ prescribe cXires,; practice 
^repairing; and' d^^'rop strategy fbr Ibh'g term ' 
preventive -mainteiiance , and routine stervice. The . 
activj..ty defecribe^/ belb\^" can ,^e adapted ^r'^ ' 
irfstaiPlatibns > ii". available. ^ 



act 
Hand 



14A (3 pp)\^^14B, 14C ^ 



-Ail b^siifc pluinlJ'ing' tools ' used to date in ^oirks 
Spate parts . ' • ^ ' 

EiiiSugh hyGrams for each experin\erital station 



«■ _ 



s . ■ : • 

.- V 

_ ' ■ V 
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: tt:^ . . / . ./ 

1. ^ state objectives of the session 




.•Session I** 



f 



»1 - 



V5. 




6. 



Ask participants to ^gen^rate . a list^ 

possible malfunctions and ' 
symptoms based on their construfctioii 
experience , inter-relationship 
experiments/ and what- they've 
learned so far to date. 



Divide participants into 3 groups,' 
and a*ssign each .^roup_app^oximate- 
ly 1/3 of the listed malfunctions . 
bi3tribute Handout 14^^ 
Group Task ; for each>malf unctio-n/ 
symptom listed, compifete cdlumns' 
2 and 3 of handout^i4B,%nd write 
on flip' chart .for -P^^^^^tatfon^ r. 

Groups x#J^6rt out; Vcfeck for 
accuracV- arid compS'fe'tej5efes of 
possible cur^s. 

Ask each group"' to seiect^ne mal- 
function, go -to an experimental 
station, and simulat^ ntai^unction p 
Allow 20 minutest Ask "group to 
listen to the iiam, wf ite dbwn the 
Sound and. recbrS itgr^devi^te'i^n;. 
frjom a well functioning rAm. 

Each, group moV^to another station 
and^ listens >J:o :ram, recorSs ^ 
descf-ipti-oh of sbuhd'> di-aghbses 
problenr>. deterinihes solution and/? 





• and repair^ it. 
7. Each'_grdup/ ^11 l:epafl| oi^: 



- sound 




nosis 

■. ■ 

m r-op'airm 




List should ihc 
items on i4A^ tra 
add any that are not 
mentibcted- 

Altertiatiy^lyi- group? "work on 
all symptoms ter groups 
fipi'isl:^ post flip charts on wall 
with each symptc^t^ '"individuals 
cbmpliet^f La^rge^grdup reviews^ 
correj^ts , dlscusi^s. Trainers 
shduld*' bfe available if a group 
gets atlicfe- 1 hour. - 



3Q tSftutjes, 



Trainers could also simulate^ 
to save "time; 



- irof^^lidations for 'preventive 
^maintenance . ' ; 

__ — _ __ ^ . _ 

Repeat steps.-.S-? , this fime 



groHps *tQ a^jmbin 
symptoms 
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Session 



PROCEDURES - continued NOTES 

9. ' Ask participants, tus complete . 
.worksheet ^ HanddUt 14B ^ columns 
* ^ I ; arid 5 ' . 

' - : . J ■ ' ■ • i • ' 

10? Iri a large : group , discuss iinpl legations 
for long ^erm preventive maintenance. 
Have the group,.,brains torm a list of 
y -' prevent ive maintenance tasks-, routine 
^ servicing tasks. Individual^ " complete 
' ^ worksheet, handout 14C for their site; 



Trainers will circiulai.e 
to^ ensure that liistis are 
ctjmplete, tiise frames 
accurate. 
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impulse valve stop^? 
iri the cld^ed 
position 



palsattnq rjoi in 
the delivery pipo 



redact iqri in water 
delivered and^aii:'! 
bubbles irf thl ' 
p6 ■ 



1 



ve stbps; 
iti:tHe dpea jDositlbn 



(f 




REPAIR AND; MAINTENANCE 
REASON ^ 




CUflE 



insafffdent 
rehourid 



'worn, cr?icked,'dr tJirty 
check valve 

insufficient seight or 
stroke- on impulse valve 

insufficient flow of 
water into the drive pipe 



im 101 air. in 



fhe accuii)Ul|tor , 




too much air 
entering thej 
accumulator 



insufficient ve-' 
locity around* 
,tlje impulse 



k fuhWccumulator 

Snifter valve hcit open 
, enough ^ . • 



clogged 'snifter valve 

, i: : 



snifter valve apen too far' 



in the hydra,ni'body 
he impulse and • 



repair, or 



■ A- 



increase 



;'9t|5k[! or 



cdeck for leaks or obstructions in 
the supply system, if^l the avaii-. 
ape water is going to the hnypm, 
•re -adjust tne hydram for thiii-fiqw 



repair leak 
open valve, fufther 



I 



lack of oater entering the 
drive pipe > . 



tm. 



0 excessive" i 
Jeiqlit^br stroke 



1" 



^ close dd\i/n the snifter.valve^slightly 

t." . ■ - . ■ ..- 1% - - 
p 'telJair the ^eak >«" • 




■ oDStructidns in 

'they® all available 

;M||iis going to the hydraiii, re- 
ad jS' impulse yalve for this flow 
rate. ' - 

the stroke or lessen 




V 



b 



ftII/lCiro_l.'4 A 



SYMPIOM * 



REPAIR AND MAINTENANCE 



IliSL 



Hydrfiiii ii/oii't start 



1 



hydrani runs but 
does not pump 
anything 



4 



'insuffiLueiit 



poor impulse , . 
valve "seating 

'lack, of water 
.entering the ■ 
drive .pipe 



improper impulse 



or sjeiqlib 



obstructed , _ 
delivery line _ } 



pressure pulse 
absorbed before 
the check valve 



ciipck valve not seatihci properly 



snifter valve open too far 

insufficient u/liter in tlii? 
delivery pipe 



worn, cracked, dirty or 
' mi sa linked valve & 



supply insufficient for hydram_ 



leaks or' obstructions in 'supply 



system 



not adjUh^ted cdrreatly 



closed delivery valve ' , 
frozen fielivery ime 
clogqed -delivery pipe. ' 



air accumulation under the 
check valve because of over- 



clean, Tepair or replace cHe(*i< valve 



close snifter until hydram starts 

continui? tu cycle hydralii' manually 
until sufficient delivery Head is 



clean, repair, 'replace or align 
impulse valve | ■ 



re-assess instaiiationi possibly _ 
install smal-ler hydram and/or 
pipe ■ 

f- ■ 

clean or repair the supply system 



e f 



or 



open the valve' 

apply sufficient hSat to 

c\M out or bgck flush • 



q<^. tje hydcam several -tiimes by 
larjd allouing the j/ater tp.reach 
maximum velocity bef'tJtf'^lldii/iricj 
' 'm iinpiilse valve to close. 
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mm 



hydralli runs fcJt the 
atiiiJUht of water tiejoq 
delivered isjiicHJess 
'tiinn ntiuiiid be f^^pecird 



leak in the 
delivery pipe 

'\\m hydrniii 
eff ic'ichry 



r-requency very 
erratic 
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liA 

.;REPAiR AND MAflsNANei 

' .REASON 



T 



installed \, 
hydranl 



air in the drive 
pipe 



lopse fitting or a hole in pipe 



wbrhj cracked i dirty j or mis- 
aliqfjed check valve 

■y/or,n', cracked, dirty or mis- 



obstruction in drive pipe 
excessive check valve stroke 

/ 

I 

i 

poor L;0 ratio 

'# - *, 

f 



poor L:H ratio 
4 



hole in the: hydraiii body 
''or a loose .fitting near ■ 
^ the drive pipe connection 

to the hydram 



/ 



1 

m 

tighten all loose fittiivjs 'and/or 
repair any holes ' 

clean, repair or replace iiripnlse 
valve ' ■ 

cleaHi repair or replace check 
valve 

i 

clean drive pipe 

adjust or replace check valve 
stroke liiiiiter 

V 

change either the drive pipe 
diameter or length 

change eibher the drive .(^e ' 
length or the drivs head ' 



[titch all holes ahd/dr tighten 
a'fl IdOne- fittings 



• < 
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HANDOUT ' REPAIR Ai MAINTENANCE WORKSHEET. 



/ 

i - ' 

TOOLS/SKILLS 
NEEDED M ' 
PREVPnVE 

MAINTENANCE 



SYMPTON 



CAUSE 



CURE 



NEEDED FOR 
REPAIR 



.preventive 
hainteSance 
required 
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SESSION 15: Review Exerci s e # 2 



'iiine: 2 hours 



ab^ectives ; By the end of this sessibri trainees willt have 
: demonstrated their ability to: 



• determine maximum drive and delivery heads for a 
given ram; 

\ - _ • ' : - - _ _-_ _ ■ - _ ' 

: • describe key ihteirrel^t ibriships in. a Ijydram; 

• accurati^y (|esbribe at least 5 factors' affe<iting 
. * efficiency in a hypbthetical ram ihstallat ibh. 

Overview: Wbrk t'b date, in the three areas described above has 
"^^ ' 'been primarily group work. This activity provides tKe 

opportunity tb apply this ihf brmat ibh' ihd ividually , 

and clarify any misunderstandings. 

Materials:' Hahdbut 15A 



TRAINERS, NOTE: 

Specif icatigns for problem #1 need to be provided, using ,the 
charts from Sessions 9 and 10. Alternatively, /participants 
can take actual measurements from the pipef itting rams they 
. cbris true ted/ and solve the pr^lem for those rams. 
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groced tires * * 

'1. Exprairi purpose of session^ resolve 
any' hanging questions from previous 
session. " ' 

2. Distribute handbutj instructing 
participants to solve problems 
iridivi<^ual-ly. , 

3» Participants to compare answers in 
groups of 2^4, coming to agreed upon 
sblutibri( s) • 

4, For each probleifir ask for volunteers 
arid provide group ariswers. Check with 
other groups f or variat ioh/diff arerice ; 
Discuss rationale for answers, and/or 
dif f ei^erices. 



Atlow 36 mtnaces for thts 



30 m i n . 



45-one hour 
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; i Handout 15A 

; * 

REVIEW EXERCISE ' t 

_ . ; ~ ~: - . . . .... ^ -7 J 

\. What are_ the maximum recommended H & . h_ in a 2" hydram^'s^'hWe '< 

thfe- impulse backing plate is ^_thic:R> the impulse seat .) 

area is_ -, has . impulse valve bolts - _ " in diameter, 
has a check valve backing plate " thick, and a check valve 

seat width of "? , 

' - - • f. ' 

Answer the fbllbwijig with a graph- if you wish: ' * • 

2. How does the amount of air in the accurSulator effect "n"? 

3. ; How does the h:H ratio effect "n"? ^ 

4. ^How does the frequency effect- "Q^j"? ' 

5. How does .the snifter effect "q"? 

6. Tomorrow you are going out to an existing hydram site 
where there is -only 100 gpd being delivered there is a 
reliable supply of 3 gpm and an h:H ratio of 10:1, The 
ram works consistently but the efficiency is sCr^low 'that 
only H the water needed is being pumped. ^ ybu_ f eel* 
200 gpd can be pumped if the hydram and/br installation 
is corrected to improve th^ ef f iciency tb a reasbriable 
level? If yes, what are you going to look for as a 
possible reason for low efficiency? (At^ this point ybu 
know nothing else about -feh^ hydram or the manner, in 

' J^hj-ch it is installed) list as m^n^factors as you can 
' 'think of. . ' ^ 
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SESSION 16 ; Use of Multiple Rams 



Time ; 1^ hours 



Objective ; 



Overview: 



Mater i^l-s: 



By the end of this sessiDfl trainees - will describe how 
multiple rams, in series or parallel can bg used in 
situations ^where h:H ratic^^ L:D ratio, or D make 
single ram unpractical or impossible. ^ 

In, small groups,, trainees will solve prdblems tb 
determine that single ram is impossible, arid describe 
and size mul tiple system for meet irig water rieed. 
Large group will discuss advaritages/d isadvari^ of 
these systems , including cost ef f iciency. 



Handouts 16A, 16B, 16C, 16D 
Problems 16A,^16B, 16C on flip chart 
Flip charts, markers 
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Procedures ; 

1. Iritrpduce Session _by reviewing 
limitations of hydrant in terms of: 

- max imum h : H X - 

- L: D ratios 

cost of galvanized pipe iri large 
sizes J 

State objectives of session, 

2. Form 3 small groups and__assign each 
group one problem form Handout 16D._ 
Distribute the relevant; diagram (16A^ 

ok- C) to the appropriate group. 

- i' • 

The group task is to: 

- solve problem 

- determine why single ram will notj^ 
work 

?^^^y_^i39r^i^_^nd determine why 
multiple ram arrangement will work 

- size the multiple ram system 

- plan 10 minute presentation to the 
large group 

3. ^^Pr^sentatiyes from each group 
present and answer questions. 

4. Ask large group to describe any T % 

add it ionai ad vantage s/di sad van tageis of 

multiple ram systems, any other 

situation they might be used in. '^'4, 

k 

5. Ask participants what application 
series/paraiiei rams have at their sites. 4 



Notes 



10 mi n ; 



Al low 36 



mi nuce s for t: h i s ^ 



>30 min. 



10 min, 




I 




mem %■$ Site Defci ' 
m WEI? mis wm mmMm , 



ir one hydraiTi can't pomp enough 
water to satisfy tHe needs of a 
comtionity, a secdf^ hydraiti can 
be installed to pyirp the waste 
water fron the first hydrai. 

*5 
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ATTACHMENT 16D 



P^obl^ra 16 A: 

How much water can be pumped to a delivery head of 260 feet, 
when there' is a drive head of 2 feet, a Supply of 56 gpm, and 
aji assumed efficiency of 50%? 

: •■ ' . ^ ' # '■■ , 

Problem .16Bg - ^ 

A community of 2 00 people, with 70 cbws^ needs 5 gpd per 

person' and 15 gpd per cow^ A__spring flows at*a rate of 15 

gpm^.H = lOS h = lOfc', n% 50%, L:D = 960. How can the 
• cortimunity's needs be met? 

Problem -JUeC ; ; 

How much Water can be delivered to a supply t^k 50 feet above 
a hydram* when the drive head is 5 f^et^.the hydrams efficienoy 
. is 50%^ the flow rate of the wat^ is 30 gpm, and the largest 
drive pipe available is 2"? 
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SESSION 17: Si^e Devt 



. Time; 2 hours . 



Objective; At the end of this session^ participants will be abl 
to: ^ ' - 

• describe various construction technique^ for t 
major components of ^a hydram system^ i.e., take 
from , the, source^ hydram box^ storage facility and 
necessary piping^ and 




Overview; 



Materials : 




• develop cost estimates for total sys'tems, 

_ . ^ . I 

During this session^ participants will describe 
prese^rit ^c<ihstruction techniques at. their sites y6hd 
compare them. If part icipants -have 1 ittle/no 
experience in water development ^ simple . techniques 
will be described. ' This session is not intended to 
provide cohstructioh skiiis for ram components. 

Handouts- 
Costs lists developed prior to workshop, especially 
PVC and galvanized pipe, concrete* - 
Approximate costs developed during construction of 
hydrams in workshop.' 

Chalkboard, chalk or flipcharts and markers 



f 
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Procedures : 



!• Introduce the session with a brief'^ 
std*t^ent that so, far the workshop 
fbcu_p^ has primar^iy been Jhe hydrain 
its^f arid ^hat >/e now .want to look ^t 
a bigger pic tpre^ "i.e. ^ |He system. 
State the objectives of the session. 
' arid review Hapdbub' 2B. 

2. Take of f_jrom' source^ * ; . 

Ask participants to describe methods 
they're familiar with' for taking water 
off a stream and/or catching /springs. 
--Generate a list of design issues and 
write these on board/flip chart. 

If participants are not fanriiiar With 
syatems^ trainer should describe 
settling basin/ spring catchment, and 
group should -ident if y in-country 
re-sources for develbpind w^ter 
sources.- ' ^ / 

3. Ask participants how to protect hydram 
itself:, keeging drive pipe rigid, 
free of ben^> providing acSqequate 
drainage^ avoiding damage by animals, 
vandals, or to curious people/chiidreri, 

' Deveibp guidelines for cbnstructibri of 
hydram box, per Handout. 

5. Storage Facility . Repeat Step 2 for 
storage facilities. ; ^ 



Have participant^ size a ram for their 
application, and cost but the entire 
system/ using the wbrkshbp estimates, 
their knowledge bf skilled labbr 
F^j^^s. If participants db nbt hAve a 
specific application in mind, de\FeJrbp- 

sample problem, using irifbrmatibri 
generated in workshop to date, i.e., 

o cost of rams built 

o max inium h s H for these rams 

o approx imate_ 1 and L 

o provide hypothetical q 

Check computations to ensure that all 
components accounted for. 
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PROCEDURE S \^ 

6i ftsk participants what, if any^ 

additional issues are Raised by these 
si te development cons idera ticrns in 
terms of costs to community, current 
systems that^ydram could run of f of , 
existing storage systems, costs for 
reticuiationi 

■ 

7i Summarize by stating that^^li of these 
must be considered in over*ii hydram 
sys£?!n. bist^bute Handouts 17 €, 
and E. 



N0TES 
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SETTLING AREA - TAKE-0FF SYSTEM 




Mm Ptfe 
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Attachment . 176 
HYDRAM' BOX 




^-.QQ- . ' Handout 170 
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^IDtLINES /CHECKLIST 



Take-Oir frorh Source 



materials 



concerns 



pipe or proper soil 
tlrum or tank 
plumbing parts 
trash rack 
fine, mesh screen 



(connectors, flanges, etCi) 



negat iye ' slope; from source to drum or pond 

pipe or channel well into stream 

good foundation for tJurm or pond 

means to shut off flow to basin when necessary^ 

keeping trash , d-ebris^, sediment out of_ line 

protection from: raging waters . ^ 

; , flood 
' . ' animals _ 

'.. ' ' sun (ultra violet ra'ys) 

' erosion if 



Hyd 



ra^m^- 



material s 



-conce/ns 



Storage 



cement , aggregate', sand 
metal pipe and glumbihg parts 
hydram 

metal or wood for c-bv^- ^id box 
hinges t screws , etc 
stakes , wi re 



• f 



support for pipes - driye^ ^^^j^.^^j ^ 

possible - no 90 bends 



Facility 



delivery 

pipe course straight 
anchoring _of pipes 
drainage' for waste water ^ 
•drive pipe entering settling basin 1/3 way up 

from bbttbme of basin 
protection box for hydra 
drainage for waste w'at^r 
coverage for all plastic pipes^ 
clear marking of pipeline 



if b&ried 



materials: adequate, sol 1 ^ 

. cement 3, aggregate , sand 
reinforcing bar 
paint 
pipe 

plumbings parts 
fencing material 



_( connect of s , faucet , standpipe) 
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GUIDELINES /CHECKLIST - continued 
Storage facility - continued 



concerns: ; best match of size , materials and costs 
closeness" to final usage 
, durability of tank - strength, seat 

protection from animals 

safety for users, children 
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SITE bEVELOP^lENT 

ter_ the sitirig of ^ the components for the hydfam system has 
been completed^ it becomes necessary to design the compbherits in 
detail.. This session will discgss how to develop them arid will 
allow for a better estimation of the money, labor and time rieeded. 

The compbrierits of the system that are of concern here are the 
take^bff frbm the sburce, the hydram, the storage facility, arid 
all necessary piping. Variations for developing the components 
arid factbrs that influence their design will be presented. The 
attachmerits tb this session will give further guide lines and will 
give refererices fbr those topics that will not be covered iri this 
rtlariual/wbrkshop. 

TAKE-OFF FROM THE SOURCE 

As was mentibned before, the water for a hydram system is ribt 
taken directly frbm the stream; a take-off component must be 
installed. Its purppses are to protect the system from the poten- 
tial damage by flbbds, to keep sand and debris out of the system 
arid to make mairitenance of the system easier. The two basic parts 
to the take-off area are a settling basin and a transmission 
channel from the stream to 'the basin. 

The size^of the basiri has to be just large enough to insure ari 
uninterrupted flow of water tb the hydram while trapping sediment, 
sand, and debris. If the hydram system is small - that is, it 
uses a 2"_ drive pipe br smaller/ a 55 gallon drum or small tank 
may be used. If the soil at this site has a good clay content, a 
small pond can be const rue ted tb serve asthe basin. A rough way 
to determine the size of the basiri is tb determine the volume of 
water contained in the d^ive pipe at any point in time and have 
the basin be large enough to allow 3-4 times that volume of water 
standing above the drive £>ipe, e.g., if the drive pipe contains 10 
gallons (area of the ins ide diameter _ bf the drive pipe times its 
length), then a basin with 30-40 gallbris abbve the drive pipe 
inlet will be sufficient. The inlets of the cJrive pipe should be 
positioned at least l/3_of the way up frbm the bottom of the 
' basin. A fine mesh screen must cover the irilet of the drive pipe 
(keeps frogs, etc. out). 

The second, part to the take-off is the chaririel or pipe that 
. takes^ t^he water from the source and directs it tb the basin. if a 
(Jrum or tank is used as a basin, a pipe is more suitable as the 
inlet channel in that the pipe lends itself tb an easier attach- 
-^ent to the drum/tank. If a_porid is used, a dug channel can be 
used. The channel however, may need to be lined with clay to 
miriimize seepage loses through the soil. The chaririel or pipe 
shbuld be placed well into the s tream_ to be able tb pick up suffi- 
cient water during the dry season. The pipe needs tb be anchored 
to the streambed fbr protection from being swept away by ragirig 

i 
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waters during the rainy season. A channel also Will need to _be 
protected. In both cases _large rocks placed on each side^, of the 
channel/pip.e should be sufficient. 

The channel will need more regular maintenance than a pipe to 
keep the sediment and weeds from blocking the passage. The pipe 
will need a trash rack in front of it's stream dpehihg to keep 
debris, fish, etc. but of it. 

The channel/pipe will need to have a slight negative slope to 
^it - 1% or so to allow the water to naturally feed into the basin. 
"Both the channel and the pipe should have some means of blocking 
the flow of water to the system when that becomes necessary • If a 
plastic pipe is used> it will have to be covered. to protect it 
from the sun ; the ultraviolet rays of the sun will eventually 
destroy the plastic. 

One last note: if the stream under cbrisiderat ion has excellent 
year round flow rates^ but not an adequate head to run the hydram, 
'a small dam may need to be constructed. This is a costly under- 
taking - in terms of money, time^ skill and labor. This 
manuai/work3hop cannot provide the necessary information for 
working with a dam. You will need more inf ormat ion to help decide 
if further consideration of the project is wor.thwhile. ^ 

The Hydram • 

The hydram component consists of the drive pipe, the hydram 
itself, the delivery pipe and a prbtectidri box/foundation for the 
hydram. Details about develbpmeht and construction of the hydram 
are covered in this mahua^. ^ 

The drive pipe_needs.tp.be made of metal to withstand the 
pressures and pouridirig that develops in running the system. It 
should be positioned in the settling basin about ir|'3 the way up 
from the bottom. The pipe shpuld be well SLapported along its 
length and protected from outside disturbances. If stakes can be 
driven into the ground, the pipe can be anchored to them; this - 
will help minimize vibrations and keep it from being bumped off 
its supports. ^The pipe should transverse as straight a course as. 
possible. In no case should sharp bends (90*=*) be us^d; 45^ bends 
or less should be used. If they are used,, support must be pro- 
vided at each bend to keep the sideway thrusts that ^ will develop 
inside the pipe at that point from destroying the line. 

The delivery pipe can be made of plastic. The same care in 
supporting, anchoring and protect ing the drive pipe should be 
applied also to the delivery pipe. The course of the pipe should 
be as straight as possible, avoiding all sharp bends . An _ add i- 
tional concern with plastic pipe is protection from the ultra^ 
violet rays of the sun. The pipe needs to be covered. One way to 
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do this is to bury it. However, if thi's is done, the channel 
should riot be covered up until the system is working and the pipe 
checked for leaks. 



The delivery pipe, because of its length, may raise additional 
concerns. It must be adeqi*ately protected any place it has to 
cross a trail or road^ or in other ways is sqbject to possibly- 
being run" oyer by a cart or yehicle. If it crosses cultivated 
land, it's course must be adequately marked so that it is not 
accidently damaged during cultivation operations. 

The hydram itself must §e well supported' and protected from 
accidental disturbances. In addition the waste water needs to be* 
directed away from the support foundation^ _The best way to 
/ P^^O'Vide this Protection is to build a concrete foundation with 

drain outlet and a concrete or cement bioc)^ box around it. The 

box should be large enough to allow enough room for' a workman (or 
two) to comfortably move around the hydram. If a concrete hydram 
is used, the accumulator and/or the body rnay' weigh a couple of 
hundred pounds. if it has to be removed for some reason^ there 
must be enough room in the box to allow workers to get in there 
and lift it out. 

The final part to the box should be some type of coyer that 
can be locked; this offers protection from v^^ndais or people 
tampering with^the hydram out of curiosity. A final note on the 
construction of the box: the foundation should be poured and the 
hydram installed. After the hydram is working like it shauld, the 
walls to the box should be cbhstrueted and the cover installed. 

The Storage Facility ^ . ' , 

.The construction design of this component of the system is 
dictated by its size^ the available materials^ 'and physical char- 
acteristics of the site. A f ew_examples may highlight some design 
considerations for the storage facility: t ' 

__ Let ' s_say your calculations fbrthe system iridicate that lOOD 
gallons of water a day needs to be delivered. To store this 
amount of water, the facility will need to be about 12_feet on a 
side arid 12 foot high. (1 cubic foot of water equals 7.48 gal- 
Idris) If you warit to have a 3-day supply of water (1 day's use 
and 2 days in reserve) the facilitjfetwill need to be a 12' x 

12' x 3'. It may be ecojjomically rq^sonable to construct this out* 
of concrete and block. 

Now let's say the system will be used for irrigation and will . 
need to store 100,000 gals and use it every 8 days.^ The size of 
this facility will need to be approximately 40 feet on a sj.de and 
3 feet highi '^9_?or^?truc t this strncture out of concrete may be 
^^9_99^^^yi a pond would have to be constructed . i^^^^^^^P^Y i ^ 
system needing 2100,000 gaiio/is every 8 days will need to pump t 
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about 16 gals a minute^ all day, every day, 100,000/8days/24 
h6urs/68 minutes.) 

This manual/workshop can hot* go into,, all the details and 
prbeedures rfecessary to construct these storage facilities. 
However^ some reference materials are listed in the attachments 
that can assist in this^work. In addition^ assistance can be 
obtained from the agriculture department and technical ddhbr 
groups/agencies. 

irrespective of the design of the facility^ there are basic 
concerns for the prbtectioh of the system and for saf'^ty to the 
individuals using it; A pbnd_ almost _ assuredly will have to have a 
fence axbund it tb_ keep_ animals and little children out of it.^ 
The walls of _a tank will_ have to be reinforced with metal bars and 
the inside of the tank plastered with cement and painted to pre- 
vent le^ks. _ t 

Cbst arid Labbr CbnsideratiQris 

Thelabbr fbr and the costs of this system can be quite a 
burden for the rural farmer or village; this is why the siting and 
the design of ^the system are so important. When both are done 
with Care arid skill, the costs f<^Ja completed system will be as 
Ibw as possible. It should be obmous that with ample free/cheap 
labor arid pt"op^i" soil available th6 system can be kept within 
reasbriable limits. It shOLTld also be^ obvious that* the amount of 
labor needed and . the length of time to do it all can be extensive. 

It may be useful to take an example and see what a system 
might cost. Prices for everything are different everywhere, bat 
for the sake of this example, let's say: 

Cement costs $7/bag - 1 bag can make 20 blocks 

16" X 8" X 8"; can plaster 50 sq. ft. of surface 
can bond 35 blocks together; can produce 6 cu. ft. 
of concrete 

Reinforcing bars for the total system costs 575 
Metal pipe costs $8/fbot 
Additibrial plumbing ^arts $75. 
hydram can be built_^br $100' 
Plastic pipe costs $4/fo6t 
55 gai <3rum costs $10 
welding work on drum costs $15 
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• Pipe lengths are: inret\l.i*ie told r Urn 20' 

Drive pipe 40 ' , del ivfery pipe 20.0 ' r supply pipe 300' * 

• Hydram box needs to be 6 x 5* ah4 5 cour^ses 

• foundation - % foot thicK : ; - ' ' ^ : '^r-'.'^'-'^..^ 

• Storage facility needs to be 15V X iS'^ ^' • 

foundation - 1 foot thick 'Jtf^' - 

m Paint $50 ' . ^ -i ' • 

• standpipe and faucet at final use point $100 • 

• no^ labor costs ' . ' ' 

What will this system cost? (round off fractions to next 
highest whole ntmiber.) 

If the storage facility will be a pond with no material costs, * 
what will the system cost? : (Transportation costs are cut in Half; 
no reinforcing bar is heededi) 

if, in addition^ the supply line isn't needed, what will the 
system cost? 



r 
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' GfceSSftRY OF TERMS FOR SESSION 17 

Battery of hydrants - (or paraliei hydrams) a hydram installat.ion' 
where two or more hydrams are connected to the same source 
with different drive pip^, but usually with the same delivery 
pipe. This type of installatibri is used where the size of the 
' hydram is limited. , 

Holding tank - (storage tank) the means of stbring water once it 
has been pumped to the desired. head. 

Rain box the small structure usually made out of concrete aric3/or 
wood which houses a hydram^ protecting it from freeziffg> 
weathering, and possibly from vandalizing. 

Se^^ies hydrain - a hydram installation where two or more Hydrams 
are used in series to pump water higher than one hydram could 
alone. 

Spring box overflow pipe - a pipe placed in the 'wail bf a spring 
box hear the top for unused water to exit through. 

Waste '^^watef drain - the drain in the bottom of a ram box which 
allows the waste water firbin the t^ydram to drain but. 

Waste water series hydrams - a hydram installatibh where one 

hydram uses the waste water frbm another as a source tb pump a 
highisr percentage of the water. 
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rstem Site Selection 



2-4 hours 



Objective ; At the 'end of this session trainees will have selected 
a site for a hydram system from a range of E>bssibili- 
tieSf based bri the technicals social arid ecbribmic 
f actbrs irivolved iri the decision. 



Overview: 



Materials: 



This session pulls together several issues that have 
been identified over the cour$e bf the workshop: 
technical f easibil ity/ water need, access / skills / 
cost/ community responsibility, maintenance and 
repair, . • 

There are two possible activities described here: / 

1) a hypothetical exercise, with a hillside fpll 
of springs as possibilities 

2) ^ a field activity in a pre-selected lopation 

which presents several options for siting the 
system, : 

'-i- Note: Activity 2 is optimal and requires si^ 
'^identification by the. trainer, concurrence for- 
using the area ( f rom local residents , 
2?^^?i?3.s, etc, ) it takes much more time and 
makes a richer activity, ^ 

• For hypothetical activity. Handout 18A 

j'" For aotual field activity: site levels, tapes, 
weirs or estimated flow rates for source 
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Procedures 



1. 



2. 



3. 



4. 



State objectives of session and 
'overview of aetivitiesi 

Ag^ what are ^he major components of a 
hyd*ram system that needs siting^ and 
' Wha^ are the major factors that 
^influence the selection of a site^ 
- ^ - 

Ask what information should be Tchown 
about the project before site i 
•selection can be made. List on flip 
chart. 

Ask what factors and cbmponehts should 
be looked at, in what order. 



5. 



Present actual or simulated situation 
and instruct participants that they 
will have to select a site. 



Especiallyif field activity 
is used* Note any cbricerris 
raised during this discussion. 



15 min. 

Head needed for system, flood ^ 
boandaries of stream, ownership 
of iand, cost of pipe of different 
materials and in different sizes. 

1. hydram & head should^be first 
then flood const de rat ion 

2. Take off point and distance 

^1 to hydram; flood considerations 

3. Social factors for hydram and 
take off system 

4. Storage facility and distance 
above with social factors 
Cos t . o f ^ above system 
Distance, d^ and cos ts! . ' 

ittes, 



d^ and 
Maintenance responstb 



access . 



3d min, 



Actual s 



^_3e into groups of 4-5. Ask 

grofip^ to spend 30 minutes 
organizing their taskS/ responsi- 
bilities for gathering data at the 
site> and decision making process, 

go to sitey gather data/ make 
d ec i s ion a nd prepa re 
presentation/recommendation 
including rationale / need/ cost. 

Each group presents/ and large 
group critiques ^ased on factors 
listed abovei 



1% - 2 hours, 
tridriitbr t ime . 



Trainers should 
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Stimulated 

• Individually , using handout 18A, 
and given spring flow rates, 
distances, select site for 
locating hydram, to deliver 1500 
gpd. Solve for single rain_ first 
then consider series installation, 

• Develop approximate costs. 

• Ask for responses; differences. 
Ask 1-2 participants with 
different answers to share 

- rationale 

Ask participants which issues aire of 
major concern at their sites. 



In this sicuaCion, its difficalc 
CO consider all social: factors 
3d min. 



? 



20 min. 
20: min . 



> 
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HYDRAM SYSTEM SITE SELE 




There aire three main components to a hydrant system that re- 
giiire^ite selection: 1) the take off front the streamy 2) the 
hydram itself, and 3) the storage facility.* 

The Take Off System ; The water for a hydram is never' taken 
directly from the stream. Sand and debris would erater the dri^ 
pipe and destroy the hydram. Therefore a settl ing jarea for the^ 
water must be included in the system. The characteristics to look 
for are a relatively flat area near the stream but out of the way 
of' the rainy season's floods. ^ 

The Hydram -; The first important factor here is to choose a 
site that will give sufficient head to run the punip.^ Basically/ 
sthe higher the^ head, the, greater the amount of water that can be 
puinped._ As a general rule of th^mb, the >^ite shbuld give at least 
Jm (10 ft)^ of headi Systems can be. run with a smaller head, but 
xhe flow rate needs to be that much larger i If there are a number 
of places along the stream where sufficient head can be generated, 
then the spot where the distance front the water source to theaTlT^- 
dram is the shortes^t wtii be the best*i The drive pipe (from 
source to hydram) /^Jhost be made of metal to withstand th^ prots^ure 
-and pounding of the systemi Metal pipe is usually more expejnsive 
than plastic pipe (which can be used for t:he delivery line). So 
even though the delivery line may be longer than at other poten- 
tial sites, the costs for th^ total system may be less. 



The hydram can be situated in any safe/stable aru^a that will 
give the proper head and distance mix. Ah added cbhsideratidn is 
convenient access to this site to do repairs and maintenance. It 
is advisable to build a box to enclose the hydram - to protect it 
from animals and vandals and to minimize erosibri to ttie hydram's 
foundation. This usually means that pem^nt needs to be carried 
and mixed nearby > and this may influence your selection of the 
site. One last concern is that the waste water from the hydram 
will need to find its way backtp the stream. If in doing so, it 
trarisverses cultivated land and that could cause a problem, then '^^^ 
this factor must be considered ih the selection of the site. ^ 

The Storage Facility : The third major cdmpbheht of the system 
is the site tbiwhich the pump will deliver. The delivery 
point/storage facility should, be^at some convenient locatiorv^that 
allows the water to gravity flow to where it i s heeded . The major 
determinants of the site for the storage facility ate the delivery 
head the system can accommodate and the leilgth bf the delivery 
line. The delivery head must be withiif the range bf the systems' 
capabilities, and the length of the delivery pipe must be within 
reasonable cost constraints. The distance from the storage 
facility to the point of use (see handout 18B, d3), should be Kept 
to a minimum. But this distance, d3, is secondary to the n^^eds of . 
the hydram system. . 
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The factors that influence the siting of these cbnipbhehts are: 

1) flood considerations^ 

2) available head^ . : % 
' 3J distances/pipe length between cbiripbneh ts / ' 

4) cost factors^ • , 

5) convenience of Ibcatibh^ 

6) social factors. 

1) Flood Cdhsideratioris ; The seasonal variations of the 
streaniLmust be tafeeh into cbrisiderat ion - this is particularly 
true of flood conditions. Each cbmpbheht of the system must be 
placed outside t|ti^^ potential flbbd area. 

2) The availabJ^e head arid that riecessary for the system is 
the key factor iri sitirig the system. There are three heads iri- 
vbived here: the drive head^ the delivery head^ and the supply 
head. Thembst importarit of these is the drive head^H. This H 
basically deterniihes what the capabilities bf the system are. _ The 
delivery head/ h/ is next in importarice ; i t is however limited by 
the cbristrairits plaped on the system by the size of the drive 
head. The _ least importarit of the heads is the supply lirie head, 
h. Basically this head just ri^eds to have a negative slbp6 - that 
is, sufficient drop to let the water irUri dbwri hill. 

3) Di^tkh'ces or pipe lengths ar^ the riext major cdrisideration' 
in selecting a site for the system. Pipes arte usually the most 
costly items 'Of the system. There are three distances that must - 
b^ taken into account: the length of the drive line, the length of 
the delivery line, and the length of th^ line. The most 
crucial of these is the drive line because this piping is usually 
t^e most expensive per foot and because the size the pipe is 

J^y ^ i^^^^^? l'^§_^^?^_^?"?^^27??'?^i _ " the 

shorter the drive pipe- line the better (consider ing, that it deit- 
vers the necessary head). The length 6i the delivery line is next 
in order of importance. it is cpnstrained by the capacity of the 
system and by cosfes; However plas'tic pipe eah be^ used here. The 
supply line is cbnstained by cost fdc^tors only. It can be run as 
far as the terrain and the budget allows. 



4j The cost q£ a isystem may be the final determinant as to 
whether or not It is implemented . Pipes and plumbing cbmpbnents 
are the maiji expense , with cement and pbssibly labor secbnd. The 
hydram itself is a Ibwly third. If care is taken in the siting 
and the cJesign of the system, the costs , can be kept to their 
minimum. . : . 
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5) Convehience of locatJ^on o£ the hydram and the storage 
facility is another siting factor . Basically the components of 
the system should be sited^in a location that aiiowg^br ease of 
construction y repairs and maintenance. : „ 

6) Lastly r the "best" site for the system may not be the one 
that the villagers want - it n^sy be on the wrong persons land, or 
whatever, Renien;^ber that they are responsible for maintaining the 
system^ and their concerns must be honored. 

Presented below is a handy table to keep the component's of the 
system and the siting factors in mind as the survey work is being 
done. '■ 





COMPONENTS 


SITING 


TAKE OFF 


HYDRAM 


STORAGE 
FACILITY 


FACTORS 

FLOOD 
CONSIDERATIONS 








HEAD 








DISTANCES 








COSTS 








CONVENIENCE 








SOClAfc • ■ 
FACTSRS 






^ ' — ' 
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SESSION 19: 



PROJECT PLANNING 



Time: 2 hours 



OBJECTIVES: 



By the end of this. session, partieipahts wtil 
have completed a_plah for d hydram project 
at_their site. The plan will include problem 
definition, an articulation of why a hydram 
is the most appropriate solution, goals, 
activities , resources , responsibilities , 
mbhit bring and evaluatibh . 



OVERVIEW: The key issues in hydram project implementation, 
and therefbre planning^ have been raised "through- 
but. the wbrkshbp. During this session, participant 
pull it all together, to begin applying what 
they've learned to their sites. It may even 
be the case, that what they've teamed is that, 
hydrarris will hot work at their sites. 



TRAINER"S NOTE: 



Remind participants to bring along 

Site Information Worksheet, Cost Calculations 

Repair and Maintenance Worksheets-, and 

Site Selection wbrksheets. - i 



MATERIALS: Flipchart /mjarkers 
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PROCEDURES ' NOTES 

1. Intro^ce session by stating ^ 
goals and rationale . / 

2. Ask participants to spend an_hb\^^ 
individually,, developing a plan 
that includes the lol^wing: 

A. Statement of water problem 
at the site: 

- who needs water, why, how 

^ i^ych 

- who perceives the problem 

- what is current situation 

Bi Evaluate current situation: 

- where is there water? 

- how much?. what quality? 

- accessibility? ownership? 

- current and future needs? 

- community structure , 
social, political, skills 

e. What are the possible 

solutions? / 

- hydram \ _ 

- others diesel puffipt , 
gravity pump etc. 

Evaluation of solutions for: 
' - cost 

- longevity 

- feasibility 

- material needs 

- availability of" skills 

- local technical support for 
repair and maintenance 

- time to install 

^ - social responsibiiity 

- reliability 

- results 

- community invotVemeht 

E. For the ^^iected strategy : 
^ Develop^a schedule of tasks ^ 

acti^;^i|ies , responsibilities ^ 
ma^ rials , resource require^ 
mehts ^nd time frames. 

F, Develop a plan for monitoring 
'progress. 



Remind group that itiiich of 
this is in Site Irifbrmat ion 
VJorksheet used in Session 2 , 



It's important that participants 
are clear about hydrams being 
oite sotation, and that they 
evaluate it against .all criteria 

Link this to criteria that have 
been developed in other sessions 
in the workshop. 



The tasks and activities should; 
include any further data to" be 
collected; other groups to be 
included in planning and 
imp 1 erne n tat ion • 
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PROCEDURES 



Ask participants to share their 
plan with at least one other 
person, for critiique, additions. 

Alternatively ^sk someone to 
volunteer to present plan to the 
whole group; 

Ask participants if they feel 
comfortable about the next steps 
they need to take _ to impleraerit^ 
their learning. If* not, it's 
likel^ that plan needs revising. 
Ask if specilic parts of 'the plan 
require rethinking. 



NOTES ; 

If participants are ^om the 
same agency it might appro- 
priate Co share plans with each 
other. 
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SESSION WRAP UP AND gVALUATIOI^ - 



OBJECTIVES : • evaluate workshop activities 
• provide closure to workshop 



• Time: 2-4 hours 



OVERVIEW: 



This sessioii will_ vary with th^ actual situation. 
.-At. a minimuiTii evaluaitiori forms should be completed, 
/arid workshop sponsors .should have the opportunity 

to ''close the workshop)5 with a restatement, of their 

intent re; the deyglppmerit and vise of this teehnology 

arid the skills :cif the'.participaht^s . 



(I 



TRAINER 
PREPARATION; 



The disposition of constructed ragis is 
an issue that has: probably come up by now. 
This is a good time to give them away ^ or 
announce the decisions, Suggestiotl: _ ask 
interested parties to submit proposals for 
the rams . 

Determine whether Or riot certificates will 
be given, and make sure they're printed arid 
ready. 

- - -r • - - - * - - 

Develop an evaluation foriti. A sample is attached. 



Depending on above decisions. 
Evaluation f brm^ peris , pahciis 



Participant roster if 6rie has not yet been distributed' 
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Session 



V 



PRGiSEDURES 



NOTES 



.2. 
3. 



SEaEe the purpose of the activity. 
Ask participants if tfiey have any 
loose ends that need to be^tied up. 
If so, list these on a flipchart 
developing ah agenda of sorts. 

Distribute evaluation forms . Allow 
about 20-30 minutes to eompletef. 

Ask workshop sponsor to close, 
perhaps with certificates, if 
appropriate . 



\ 
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APPENDIX 



GLOSSARY OF TERMS 



AcGiiJBulatQr (air domej the a ir_ chamber dh the hyd ram_ which 

cushions the water hammer > eliminating delivery ^pulsatibhs and 
helps provide rebound. j . 

Atmbsptieric pressure - the pressure at sea_ level' "caused by the 
weight of air; atmospheric pressure = 14.^7 and 0 psig. 

Battery of Hydros - (or parallel hydrams) a hydram ins tallatibh ^ 
where two or mdr^ hydraihs are cbhhectgd ±o the same source ■ 
with different drive pipes^ but usually with the same delivery 
pipe. This type jef ihstallatibh is U3i^d where the size of the 
iram is -1 imited . ^* 



Check Valve - (hbh-^returh valve/ secondary valve^ internal valve) 
the ihte^rnal valve in the hydram that prevents the del ivery 
head prjessure from forcing water back through the hydram bbcly. 

Delivery head - the vertical distance between the hydram an<^ the 
highest level of water in the storage tank that the hydram is 
\ pumping to. ■ 

Delivery pipe -i^he pipe which connects the output/of the hydram^ 
to the storage tank. 

Drive hea^ - the vertical distance bg.tween the hydram and the 
highest level of water in the supply system. 

Drive pipe - a rigid pipe usually made of ^g that 
connects the hydram tp the source resi^irvoir or stand pipe. 
• n ■ . . 

Efficiency (rt)_ the . ratio of the energy input to the energy 
output; a measure of how .well a hydraitt functions; . 

. -ah 

r n = QH 



Force - to move something against resistance, ^WRsure times the 
a^rSa measured in pounds, newtbri"^ or dyn^efei 

Frequency - (f) the number of .times a hydram cycies in one minutei 

hsH ratio - (delivery to drive head ratio) the ratio of* lift to 
fall; The inverse of this ratio times -the effijciency of the- 
hydram Will determine the percentage of water thehydram will 
pump. Th^e higher the h:H ratib^ the IbWer the hydr^ni 
ef f iciehcyi ( n) . The usual range bf the h:n. rat^io is frbin 2; 1 
'fc^> 20:1 but h:fl ratios iiave been measured tip 60:1.,.:: l 

'• : . . - V ■■ ■ 
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Holding tank - (storage tank) themearis of storing water once it 
has been pumped to the desired hSad . 

Hydram - (hydrauiic ram, hydraulic ram pump, automatic hydraulic 
ram pamp# ram) an ingenious device that uses the force of 
water fail ing through a drive pipe tbpump water to a height 
greater than its source^ making use of hydraulic principles 
and requiring no fuel.. ^ 

Hydram capacity - the maximum amount of water a hydram can use. 
This is determined by the drive pipe ^izeand length, the 
drive head^ and the impulse valve size and design. 

- - - 

Impulse Valve - (clack valve> out-side valve, impetus valve, waste 
valve) the valve oh the hydram that creates arid coritrols the 
water hammer. 

imptalse valve stroke - the distance the impulse valve^travels 
during a cycle. ^ 

Impulse valve Weight- the total weight or downward force of the 
impulse valve and its springs or weights. 

'Kehetic energy-^ active energy/ ^ the mass times the velocity 
squared 

Ef^ = ^mv2 

L;D ratio drive pipe length to diameter ratio, should be kept 
between 150-1000. 

L:H ratio -drive pipe length to head ratio, when it is less than 
15 ft. L;H should equal 6. ' , 



Wheri H is greater than 15 ft, but less than 25 should = 4 

When H is greater than 20 " _ " " " 50 " = 3 

When H is 'greater thari 50_L:H ratio should equrad 2. 

(see Glossary, Session 6 for metric -eqqivaivents) 

Potential energy - energy derived from position or height; is 
equal to the height that a mass can, fail times ^its weight. 

Pressure - force appj^ied over a surface measured as force per unit 
of area such as poofWs per square irich (psi) (a head^of 28" of 
wat^r devielbps a pressure of i psi) %r a pascal (Pa) which is 
equal to i newtoh per square meter ^a head of 1 cm = 98 Pa) 
18'^ of water equals 71.1 ^ of water equals 1- psi = 6895 Pa. 

Ram box - the small •structure (usually made put of concrete and/br 
wood which houses a hydram protecting it from freezing, 
weathering and possibly from vandalizing. 
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Rebound - the flow of water in the ram reversing direction due to 
the air -pressure in the aceumulator, ,closing the check valve. 

. _ " - _ ^- ' o '■_ _ __ _ _ ■_ 

Series hydram - a hydram installation ^here'two ojr more hydrams 
•are used irti^^series ttr-pump water higher than one hydram could. 



Settling basin - a small tank usiially made pf steel dOf concrete • ■ 
that is used in place of a stand pipe in^^an installation where 
additional settling is necessary. 

_ _ _ . _ . . _ • _ ^ " 

Snifter valve - ( air valve>_ spit valve) the small valve just below 
the check valve that allows air to enter the hydram. 
* - - - " , ' - 

Spring box - a concrete box built around a spring to facilitate 
water collection and to protect the water source from surface 
contaminates. 

Spring box overflow pipe - a pipe placed' in the wall 6t a spring 
box near the top for. Unused water to exit through. 

Stand pipe - an open-ended^ vertical pipe sometimes used at the 
beginning of the drive pipe. 

Static head - a column of water withoj^t rribtion. Jhe static drive 
head of a hydram can be measured with a pressure gauge but 
only wl]eh ram is stopped and the drive pip^ iS| full of water. 

Supply pipe - everything in a hydram system before the drive pipe, 
usual^ly including some, but: not necessarily all, of the 
following; spring boxf supply pipe^ stand pipe, settling 
.basin. 

Supply system - every in a hydram system before the drive 
pipe, usually incar^fding some but riot riecessarily all of tfte 
following; spring box, supply pipe, stand pipe^ settling 
• basin; " 

. V . _ < 

Tame of cycle - (t) the time it tal^es for a hydram to complete one 
cycle, such as the time lapse Between the impulse valve 
closing twice i 

Velocity - speed usually measared in feet pfer stcond or meters per 
second. ^ \ 



Waste water - (Q^)- the^ water coming out of the impulse valve and 
the snifter. ^ / 

Haste water drain - the drain in the botto^ of ' a ram box which 
^ allQWS the waste water from the hydram to drain out. 
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Waste water series hydraai^^-^a hydram installation wlijere one 

hydram uses the waste water from another as a source to purttp a 
higher percentage of the water. 

Water delivered - (q)' the rate at which water is delivered to^ the 
storage tank; q x.H x n 

q = ' h ' 

Water flow to the hydram - (QKaii tfte water used by a hydram 
which is equal to the waste water^ (Q^) plus the water 
del ivered ( q) . ' * 

_ - _ - % 

Rater hammer - the effect created when water flowing through a 

pipe is suddenly stopped. in a hydram this causes the closing 
of the impulse valve and opening of check valve;' 



Water _ ased - (Q) the amount of water that flows through the* drive 
pipe daring a unit of time (as in gallons per minute or liters 
per second) which is equal to the «ter pumped (q) plus the 
water wasted (Q„, 

The flow rate range of hydrams are as follows: 



Drive pipe 
diameter 



JUxiw rate 



inin 

19 
25 
32 
38 

50 
63 
75 
100 
125 



3/4 
1 

1% 

.1^ 
2 

2H 
3 

4 
5 



0. 8 

1. 5 
1.5 
2.5 
6.0 

10.0 
15. D 
30. 0 
4 0.0 



2 
4 
7 
13 
20 
45 
50 
125 
150 



0.6 
1.3 
1.3 
2.0 
5.0 
8.0 
13.0 
25.0 
33.0 



1.7 
3.3 
5.0 
10.0 
17.0 
30.0 
42.0 
104. 0 
125.0 



ill U.S. gal/min imperial gal/miri ^ liters/min 



2.8 
5. 7 
5°. 7 
9.4 
2 3.0 
30 . D. 
57.0 
113. 0 
151.0 



7.6 

15.-0 
26.0 
49.0 
76.0 
170. 0 
18 9.0, 
473.(3 
567.0 



-IMPORTANT NUMBERS TU REMCMBfR 



l^i^iU, luiiiiiLi'!; in a rJay 

.na pui (jor root ^Jiioa!;ui-(>tj v/crt i cal Jy i ) of mlar cuhmt 
'tH ific-hibt; ur <j wtjLer cuJijfnn prodacGS~"i prji ' • ; . 

J/i.7 psi atfribijpheric preii.'ujrc 
7.^(1 (jalJont; per ctjliic f uoL 
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Engllsh-Mfetfic Units Conversion Table 



Physical 
Quantity 



V This In 
'English" Units 

1 inch 

1 foot 

1 yard 

1 mile 

1 sqasre Inch . 
1 square foot 

1 square yard 
I acre 

i square mile 



Equah, in Metric* ^ 
Spelled but Syinbotic 



Distance 



2.54 centimeter 
0:3048 nietcr 
V9M4 meter 
t.609 kilometer 



2.54 cm 
0.3048 m 
0:9144 rn 
1.609 km 



Ahea 



>M 52 square ccritimeLer 
^6:0929 square meter or 

929 square centimeters 
0.836 square rhetor 
4,047 square meters brf 

0:41947 hectare 
2.59C)>square kilometers 

or 259.0 hectares 



6.452 cm* 
0.0929 m» 
929 cjn' 
0.836 m» 
^ 4.047m» ' 
0:4047 ^1 

_2_59.a h 



0.3937 

3.281 

1.094 

0:62 



0.155 
10.76 _ 
0.001076 
1:196 
0.000247 
2.47 



0.00386 





1 cubic inqh 
1 pint (liquid) 


16:39 cubic centim^rs 
473.2 cubic centimetCTs 


16.39 cm' 
'173;2 cm^ 


'• 0.0610 . 
0 002^0^;, 




1 quart 


946.4 cubic cchtihieters 


946.4 cm' 


0.001057 V 






:br 0.94G4 liter 


0.94G 1 


Lg57_ . ^ 




1 gallon 


3:785 liters 


3.785 1 


0.2642 ~ 




1 cubic foot 


0.0283 cubic meter 


0.283 m» 


35:3 ^ 




1 cubic yard 


0-765 cubic rrictcr 


0.765 m^ 


i.3d8 




1 acre-foot 


0.1233 hectare-meter 


0.1233 h m 


8.11 



Vki^ocity 1 foot per hour. * 

riiitiulb or {iceond 0.3048 na'tcr/lwuir, niin- • 

_ " Ulc, or second 

1 mile per hoar 0:4 470 motor pur socoiul 0.4470 m/s 

1 knot ^0.5145 meter per second 0.5145 m/s 

* 

•Maltiply qoanCUy known in Uritinh anitii by thja hurtibcr to gutJiietric equivalent. 
fMulCiply quantity known in metric uhita by thisi'numUcr to get Dritish equivalent. 



a}281 

2.237 
4:944 



EKLC 



m\ con 



eNOLisirMirruic units convkusion table 



Phy^icai 
Quantily 



This In 
'^f n^Ush*' Units 



Energy ion Work) 1 waLL-second 

1 fbbt-pbuhd 

1 Btu 

1 waLL-hoar 

1 horsepower-hour 

1 kiJbwatt-hdur 



. Equals, in Metric* 
Speltedout SymboUc necipror ni} 



i.qoo jbUle ^ 1.000 

newtonmeter 
\ -350 jo.uic 

3.60 kilbjbulcs 
2.684 megajoules* 
3.60 megajouies 



1.000 J 
1.3G6 J 
1:055 k J 
3.60 kJ 
2.684 MJ 
3.60 MJ 



1.000 
0.7375 
0.948 ' 
0:277§ : 
0.3726 
0.2778 



Power 



1 horsepower 

1 joule per second 
1 Dtu p er hour 



745.7 watts or 0.7457 kilo- 
watt 
l.bOb watt 
^0.293 joule per second 



745.7 W 

0. 7457 kW 

1. ppp W 

0.293 J/s 



0. 00134 
1:341 

1. bbo 

3.41 



TCK^i'ERATDHE 



1 degree 
Fahrenheit 



5/9 degree Celsius (Centi- 5/9 X (Tp - 32)*'e 

grdd^) for each Fahrenheit 
degree above or below 
32''F ^ * 



1.8 degree 
Fahrenheit 
for each CeX- 
sius degree 
plus 3 



Si'KClAL COMPO 
UNltS 




1 Blu per cubic 
fbbt 

1 Htu per pbuhd 

of mass 
1 Btu per square 
; fbbt per l^our 
00 galloris per * 
aCT 

1 p6u1«i of mass 
per (\\bic f oot 



37.3b jouies per liter 



2.328 jbules per gram 
3:158 joules per square 
meter 

0:0935 cehtimctei^ depth 
16.02 grams per liter 



37.30 jyi 
2.328 J/g 
3.158 J/mr 

16:02 g/1 



Mass 



j ounce 
1 pound 

1 ton (short, 
2000 pounds) 



28:35 grams j 
453.6 grams 

0.4536 kilogram 
0^907 megagram 
or b.907 r^tric tori 
or d.9b7 td^ne 



28.35 g 
463.6 g 
6:4536 kg 
0.907 Mg 
0.907 t 
0.907 t 



0.0268 
0:4296 
0.3167 
10:70 
0.0624 



0.03527 

0.002205 

2.205 

1:102 

1.102 

1.102 



1 inch p ound 



0* i \iQ metor newton 



0.1130 rn-N 



8.851 



Pic*:ssoHK 


1 


pound per square 


47.88 newtons per square 


.'47:88 N/m' 


0.02089 






foot 


meter 






1 


pound per square 


6.895 kilonewtoris per 


6.895 kN/m* 


b. 1124b 






inch p 


square meti-r 








1 


miiiimctcr of 


133.3 hcwtbhs per square 


133.3 N/m' 


0:0075' 






niercury 


meter 








1 


fbbt bf water 


2.989 kiionewtons per 


2.989 kN/m> 


0.3346 








square meter 








1 


atipjpsphero 


0.1013 mcgahcwtbh per 


0.1013 MN/m» 


9.87 . 








square meter 







MA 



-2i5- 



Physical 
Quantity 



Flow 



Fb lib E 



77ii.s In 



Equals, in MeVric* ^ 
SpeUed out _Syrnbofic ^ neciprdca^i 



1 gaJIdh per day 0.0438 1 miiailters per 0.04381 ml/s 

secbhU - . 

1 gallon per minute 63:08 miililetcf per second 63.08 ml/s 
1 cubic foot per 

i^i^^lo 0.4719 liter per second 0.4719 1/s : 
I cubic foot per 

-second 28 .32 litiera per secon d 28.32 1/s 



1 ounce 
1 pound 
1 ton 1 2000 
pounds) 



0.2780 hewtbn 
4.446 hewtdhs 

8.897 kilonevvton^ 



0.2780 N 
.4.448 N 

8.897 kN 



; 22.824 
0;01585 

00353 



3.597 
0.2248 , ' 

0.11240 



EKLC 
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ERIC 
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REF^RENCES 

Hydraitl Manufacturers 

Rife Hydraulic Engine Manufacturing Conipanyr 123 Main Street 
Andbver, New Jersey 07621 USM 

John Blake, Ltd PO Box 4 3/ Royal Works 
Acdririgton, Lancashire BBS 5LP England 

_ " _ * _ ^ 

The Skbokum Cdnipany, Inc., 14041 NE Sandy Blvd. 
PO Box 20216, Portland, Oregon 97220 USA 

Balaju yantra Shala (P.) LTD. 
Balaju, Kathmandu, Nepal 

Southern Cross,. Australia 



P u blications 

A Hydraulic Ram for Viiiage Itee , by Ersai W. kindei, ii PP- VITA^ 

__ _ > 

Village Technology Handbook , 370 pp. VITA ; 

A Manual on the Hydraulic Ram for Pumping Water , by S.B. ^att^ 
Intermediate Technology 44 pp. 

• jsr, ;-- _ .y . 

r ' ■ ■' 

The Automatic Hydraaiic Ram; Its Theory and Design , by krol^ 
12 ppi, American Society of Mechanical Engineers^ 

Building a Hydraulic Ram , By Don Marter> 6 pp. 

^ .ftpprdpriate Technology Source Book , Vbiuanes i and ii, by Ken 
Darrow, Kent Keller, Rick Pam, Volunteers in Asia Publ icat ion 

"Hydraulic Ram Forces Water to P\0p Itself Popular Science ^ 
. October, 1948> pp. '231-233. 

"We built our own Hydraulic Ram Pump>"^ by Bill and Kathy Hyslbp> 8 
pp.^ Rbdale Press. 

"Mother's Hydraulic Ram Pump," Mother Earth News , May-June 1979, 
Other Sources of Information 

Irifbrmatidh Cbllectibri Exchange, Peace Corps, Washington, D. C. 

ITDG's publication on ferrbcemeht, 

Asian Institute of Technology, Bangkok, Thailand 




